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PEEFACE TO THE THIRD EDITION- 



The very cordial reception which has been given to- 
this book, necessitating the issue of a Third Edition 
within a comparatively short time, is a very gratifying 
circumstance. The Second Edition brought the his- 
tory of the Locomotive up to the spring of the year 
1893. To complete that record, therefore, to the close 
of the year 1894, only required the addition of such 
particulars as will set forth what has taken place dur- 
ing the past year and the later portions of the year 
1893. These details, however, although interesting to 
the historian and the student, do not contain much 
which can be termed new departure. 

Following very closely upon the publication of the- 
last edition, there commenced the serious '^coal dis- 
pute" of 1893, with results very disastrous to railway 
enterprise, and so well known that it is unnecessary to 
refer to them here in detail. It will be sufficient ta 
mention that many of the railway companies, instead 
of being short of engine-power, found they had some 
hundreds of engines standing in sheds with no work to 
do, with the consequence not only that expenditure on 
new engines was restricted, but the utmost economy 
was practised in every department. The companies* 
workshops were engaged upon necessary repairs or re- 
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building of existing engines, and the few new engines 
constructed were, to a large extent, simply copies of 
the previous standard designs, and contained little or 
no contribution to the further development of the loco- 
motive. Such progress as has been made imder these 
circumstances will be found described in Chapter VIII., 
whichgives a brief summary of recent constructions in 
1893 and 1894. 

The author having mentioned in previous editions 
that he had never recorded the speed of a train at a 
higher rate than 79'9 miles an hour, he takes the 
opportunity to say that during the summer of 1893, on 
the occasion of the Chicago Exhibition, while riding on 
American locomotives, he timed speeds of 80 and 81*8 
miles an hour ; and since his return to this country he 
has also timed a mile in 44 seconds, or 81*8 miles an 
hour. Probably, therefore, a mile an hour has been 
added to the attainments of the higher class of locomo- 
tives since the speed of 81 miles an hour was run on 
the Bristol and Exeter Railway in 1853. 

Other points deserving of mention here are that the 
fesLT 1893 witnessed the completion of the fitting of 
passenger trains with automatic continuous brakes, the 
introduction of third-class dining* carriages, and the 
more general adoption of the system of heating car- 
riages by steam or hot water from the locomotive. 

C. E* S. 

Baxe-Cobxtro Housb, 

Leicesteb. Deeemher, 1894. 
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THE LOCOMOTIVE ENGINE AND 
ITS DEVELOPMENT. 



INTRODUCTION. 

The name " locomotive " engine is derived from two 
Latin words, locuSy a place, and moth, motion ; conse- 
quently a locomotive is an engine capable of moving 
itself from place to place. 

Great and important improvements in railway and 
other industries are not the result of the work of one 
man, but of many minds. Therefore it frequently 
occurs that the person who works out the details, and 
brings an improvement to a practical success, is not the 
first inventor of the crude idea ; and it Is a matter of 
regret to both engineers, passengers, and railway ser- 
vants, that no one book has ever been published giving a 
full and complete history of the early development of the 
locomotive engine, showing exactly the part performed 
by each inventor. The quantity of information which 
is available is enormous, but it is unfortunately dis- 
tributed over numbers of books, articles, and papers ; 
and constantly railway companies, even at the present 
day, discover amongst old documents the drawings and 

B 



2 DEVELOPMENT OF THE LOCOMOTIVE. 

official details of engines and carriages which for years 
past have been unknown and forgotten. 

Attention should be directed to the fact, that in the 
early days of railways a very similar set of names was 
adopted by different lines, for instance a Comet, 
a Phoenix, a Samson, a Goliath, a Yulcan, an Atlas, 
a Liverpool were to be found on nearly all lines, and the 
official lists prove that in 1840 no less than ten engines 
were running in this country named " Liver " and 
" Liverpool." This shows that those who desire to in- 
vestigate the history of certain engines must be ex- 
tremely careful not to be confused by the similarity of 
names. Another difficulty is that several locomotive 
makers each built " trial engines '* upon their own 
system or patent, and obtained the permission of 
certain companies to give them a trial on their lines ; 
in some cases the railway companies afterwards pur- 
chased the engines, in others they did not. As an 
insta-nce of this, Mr. Bury, in 1830, built an engine 
named " Dreadnought " ; it was, by permission, tried 
on no less than five lines, then taken back to the 
works, altered or almost rebuilt, a new name, *' Liver- 
pool," was put on, and after a trial on two lines it 
was purchased by an American Railway Company in 
1831, but a few months after its arrival it became 
known as the "Spitfire." The Author happens to 
have the maker's private number marked upon the 
drawings which corresponds with that stamped 
upon parts of the engine itself, or it would have 
been impossible to trace its history. In a 
similar way an engine named "John Bull" was 
sent from Newcastle to the Hudson and Mohawk 
Bailroad in 1831, a year later it was renamed 
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"Robert Fulton/' and in 1845 it was rebuilt and 
renamed "Rochester/* 

The question of railway speed is one which con- 
stantly engages the attention of passengers, and we 
often hear of 90 or 100 miles an hour. During the 
past twenty-five years the Author has ridden upon 
many engines, and has travelled in all the fastest 
trains upon all the railways in this country, for the 
special purpose of ascertaining their rate of speed. 
Upon a few occasions, and under favourable circum- 
stances, he has recorded the very high speed of 79*9 
miles an hour, but he has never been able to time 
a train or engine at actually 80 miles an hour. 

As long ago as 1853, 81 miles an hour was run 
by engines upon the Bristol and Exeter Railway, 
but these have now been altered and their speed 
reduced. It is not wise to predict what map be done 
in the future, but at present 80 miles an hour is the 
maximum pace. The average speed of the fastest 
express train, over a long run, without a stop — say 70 
or 100 miles — is 54 or 55 miles an hour, and to maintain 
this it is not necessary to run at more than 70 or 
75 miles an hour upon any part of the journey. 

As the newspapers often profess to record very 
extraordinary rates of speed, it may be advisable to 
point out one possible cause of error. We should 
beware of " speed indicators '' which take their motion 
from the driving wheels of engines, as the Author, 
when the train was running no more than 55 miles 
an hour, has seen an indicator go up to 90 miles an 
hour, the increase being simply due to the "slipping'' 
of the driving wheels. 

The power of steam was known to Hero of Alexandria 
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about 200 B.C., or fully 2000 years ago, and a book 
lie then wrote treated of the expansive force of steam, 
and described the cylinder, piston, slide-valve, and 
common clack-valve. 

Although the power of steam was known, no attempts 
appear to have been made to turn it to useful and 
practical effect, even in stationary engines, until 250 
years ago. 

In the year 1759, Dr. Robinson suggested to James 
Watt the idea of steam carriages for running upon 
common roads, ajid models were made. Cugnot, in 
1769 and 1771, constructed steam carriages. Mur- 
doch, in 1784, followed by many others, also made 
"models'' and ** suggestions " for working carriages 
by steam on ordinary roads ; but it was not until the 
year 1803 that the first tram-road or railway loco- 
motive was constructed. This was built by Richard 
Trevithick with money provided by his cousin Vivian, 
and is here illustrated (on the adjoining page), upon a 
scale of one-eighth of an inch to a foot. 



CHAPTER I. 

EAELT LOCOMOTIVES USED UPON PRIVATE LINES 
POE THE CONVEYANCE OF GOODS AND MINERALS. 

Trevithick is undoubtedly the " father of tho 
locomotive " ; he employed high-pressure steam. He 
found by experience that flat wheels had sufiEcient 



Fig. L— The First Locomotive, 1803, 

adhesion upon smooth rails, and he conveyed the ex- 
haust steam from the cylinder to the chimney by 
means of a pipe, which he turned upwards, and dis- 
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covered, by observing the practical result, that the 
blast of steam caused the fire to bum much better ; he 
therefore called it the " blast-pipe/' This engine ran 
upon four wheels, 4 feet 6 inches diameter, the boiler 
was 6 feet in length, and contained a return flue-tube, 
the chimney being consequently at the same end as 
the fire-door; the engine had one cylinder placed 
horizontally, 8 inches diameter, the stroke being no 
less than 4 feet 6 inches. 

On the 24th February, 1804, it was tried upon the 
Fenydarran cast-iron plate- way or tram-road, and con- 
veyed trucks containing ten tons of bar iron and about 
seventy persons to Merthyr Tydvil, a distance of nine 
miles. The engine worked satisfactorily from a 
mechanical point of view, but commercially it was not 
regarded as a success, being more expensive than horse 
traction. 

Trevithick does not appear to have followed up 
the development of the locomotive, but left to 
others the perfecting of those excellent principles 
which he introduced and discovered; probably it 
is on this account that he never has received the 
credit to which he was justly entitled for the con- 
struction of the first locomotive which ever ran upon 
rails. 

During the early part of the year 1811, Mr. John 
Blenkinsop, the proprietor of the Middleton Colliery, 
near Leeds, decided to convey the coal over his tram- 
road to that town by means of locomotive engines 
instead of by horses, and gave an order to Matthew 
Murray, an engineer, of Leeds, to commence the 
construction of such an engine. Both Blenkinsop 
and Murray were under the impression that suffi- 
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cient adhesion could not be obtained between 
smooth wheels and smooth rails ; and considering the 
gradients, loads required, and weight of their en- 
gine, which was only intended to be five tons, it is 
probable that their impression was correct. Mr. 
Blenkinsop, in April, 1811, took out a patent for a 
rack-rail and cogwheel driving-gear. The engine was 
completed by Murray, and ran its first trip upon the 
Middleton line in August, 1812, and at once com- 
menced to convey coal daily from Middleton to the 
wharf at Great Wilson and Kidacre Streets, Leeds, 
the distance being 
about three-and-a- 
half miles. 

The engine was 
named " Blenkin • 
sop,'' and ran upon 
four supporting 
wheels of 3 feet 6 
inches diameter, but 
they took no part in 
the driving of the 
engine. The boiler 
contained a flue- 
tube, 20 inches in 
diameter, having 

the fire-grate at one end and the chimney at the other. 
Two cylinders wei;e employed, 8 in. in diameter, the 
stroke being 20 inches ; the cylinders were placed 
vertically half within the boiler. 

The connecting-rods conveyed motion to cranks, 
and by means of spur-wheels and gear communicated 
motion to the main cog or driving-wheel ; that wheel 




Fig. 2.— <* Blenkinsop," 1812. 
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was placed, outside the smooth or rimning part of the 
rail, and engaged with the outside rack on the rail. 
Murray placed the two cranks at right angles to each 
other^ thus insuring that one piston was exerting its 
greatest power when the other was at the ond of its 
stroke. This engine, and others which followed, 
worked well for many years, and were also a compkfe 
commercial success. The " Blenkinsop " evaporated 
eight cubic feet of water per hour, consumed 75 lbs. 
of coal per hour, and was capable of conveying 94 
tons on the level at 3^ miles an hour ; its maximum 
speed being found to be about 10 miles an hour with a 
gross load of 20 tons, 

Messrs. Chapman, in December, 1811, obtained a 
patent for a method of working the locomotive 
engine by means of a chain stretched along the whole 
length of a tram- road, and secured at each end; this 
chain was in connection with a grooved pulley upon 
the engine, consequently when this pulley was put in 
motion, the engine wound itself along the chain ; in 
fact Chapman's chain acted the same purpose as 
Blenkinsop and Murray's rack-rail. Chapman's system 
was tried upon the Hetton Colliery tram-road, near 
Newcastle-on-Tyne, but in a very few weeks proved a 
complete failure. 

Mr. Blackett, of the Wylam Colliery, near Newcastle- 
on-Tyne, encouraged by the fact that Blenkinsop's 
engine was a commercial success and conveyed coal 
at a cheaper rate than horses, decided to make ex- 
periments of his own in the same direction. Mr. 
Blackett and his coal viewer, William Hedley, having 
made themselves acquainted with the working of the 
rack-rail system at Leeds, found that to adopt the 
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Blenkinsop engine would require the Wylam line 
to be relaid with rack-rails at very great cost. They 
therefore turned their attention to Trevithick's engine 
of 1803 (Fig. 1), and ultimately Mr. Blackett remarked, 
*'If Trevithick obtained adhesion with smooth wheels 
on smooth rails, I can.*' To test the question, 
Blackett and Hedley constructed a frame upon four 
wheels provided with spur-gear and cranks to be 
worked by hand, and when this apparatus was tried 
on the Wylam railway, October, 1812, it was found 
that the smooth wheels gave the necessary adhesion. 

Blackett at once gave orders to Hedley to place a 
boiler upon this frame, and attach connecting-rods to 
the hand-cranks ; in fact to turn the test frame into 
a locomotive. Hedley did so, and the new engine was 
tried on the Wylam line, February, 1813, but it was 
short of steam and proved a failure ; the reason being 
that it was not provided with Trevithick's blast-pipe. 

In spite of this failure Mr. Blackett had great faith 
in steam power, and instructed Hedley to pull off all 
the top part of the engine, and construct a new boiler 
and cylinders. The engine, as rebuilt, was completed 
in May, 1813, and tried on the Wylam line. It had a 
wrought-iron boiler, with a return flue, the chimney 
being placed at the same end as the fire-door (as in 
Trevithick's engine); it had two vertical cylinders, the 
piston-rods being connected to beams, from which 
motion was communicated to the four smooth driving 
wheels by means of toothed-gear ; the exhaust steam 
from the cylinders was discharged by two blast-pipes 
into the chimney, and it was on account of the 
'" puffing " noise caused by these blast-pipes that the 
engine was named "Puffing Billy." (Fig. 3). 
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A second engine, similar in every respect to Fig. 3, 
was at once built, and was named the " Wylam Dilly." 
Mr. Blackett therefore in 1813 had two locomotives 
which were sueceBsful, so far as conveying coal 
cheaper than horse-power, but lie had by no means 
arrived at the end of his troubles, as will he seen, 
page 16. 

Mr. Brantoa, of the Butterley Ironworks, Derby- 
shire, obtained a patent, in 1813, for a mode of 
accomplishing the locomotion of an engine without 
the aid of the adhesion of the wheels; it was, in 
fact, a "steam horse," having a pair of hind legs 
actuated by steam cylinders. It is hardly neces- 



Fig. 4.—" Bninton's Engine," 1813. 

sary to say that the arrangement proved a complete 
failure. 

During the time that Blackett and Hedley were 
engaged at Wylam, Lord Ravenaworth and the partners 
in the £illingworth Colliery, and their engine-wright. 
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George Stephenson, were anxiously studying the 
subject at Killingworth. Towards the close of the 
year 1813 Stephenson designed his first engine, and 
was at once entrusted by Lord Ravensworth and 
partners with money to construct a locomotive for 
their railway. The engine was built at the West 
Moor workshops of the colliery, and after being under 
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Fig. 5. — George Stephenson's First Engine, 1814. 

construction for about ten months, was placed upon 
the Killingworth railway and tried for the first time 
on 25th July, 1814, being named or generally known 
as " Biucher." (Fig. 5.) 

This engine ran upon four smooth wheels of 3 feet 
diameter, placed at a distance of 5 feet apart between 



Stephenson's first engine. 13 

centres. The boiler was 8 feet long, 34 inches dia- 
meter, having a flue- tube passing through it, 20 inches 
diameter. The cylinders were 8 inches diameter, 24 
inches stroke, and placed vertically, half within the 
boiler. The power of the two cylinders was com- 
municated by cross beams and connecting-rods to 
cranks on the spindles of spur-wheels, which spur- 
wheels in turn actuated the large cog-wheels on the 
engine-axles. The small central spur-wheel was 
employed to maintain the cranks at right angles to 
each other. 

The engine " Blucher," on the 27th of July, 1814, 
conveyed a train of eight waggons of coal, weighing 
30 tons, up a gradient of 1 in 450, at a speed 
of four miles an hour, and afterwards continued in 
daily work. This engine was not provided with 
springs, and the cog-wheel gear becoming worn, 
Stephenson was entrusted with money to construct 
a second engine ; it was built in 1815, under the 
protection of a patent granted to Stephenson and 
Dodd, 28th February, 1815. 

In this second engine of Stephenson's the connecting- 
rods were attached directly to crank-pins upon the 
wheels, the exhaust steam was discharged into the chim- 
ney by two blast-pipes, and the four wheels were coupled 
together by rods. These coupling-rods, however, were 
not placed upon the crank-pins outside the wheels, 
but two double-cranked axles were employed having 
the cranks at right angles to each other, the two coup- 
ling-rods were therefore placed upon these inside 
cranks, between the wheels. In consequence of one 
of the crank-axles becoming bent, Stephenson aban- 
doned the arrangement of inside coupling-rods, and 
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adopted an endless chain passing over a toothed wheel 
upon each axle. 



FijT. 6.— George Stephen 



STEAM BPRINGS. 



George Stephenson constructed for the KUlingworth 
railway a third engine (Figs. 6 and 7), 'which was 



Fig. 7. — Hnd view, Stephonwa's Bngfine, 1816. 

provided with steam springs, protected by the Losh 
and Stephenson patent of September, 1816. 



A 
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In the illustration (Fig. 6) a portion of the boiler 
side is supposed to be removed in order to show the 
single fire-flue. The steam springs, chain system of 
coupling the wheels, and the blast-pipe are all clearly 
illustrated. 

" Puffing Billy '' (Fig. 3) and '* Wylam DiUy " 
rested upon four wheels only, and their weight broke 
the Wylam cast-iron plate rails to such an extent, 
that it became necessary to carry half-a-dozen rails 
upon each engine, to replace those which might break 
on the journey. The owners of land in the district 
complained of the noise caused by the blast-pipes, 
and took counsel's opinion whether the lease of the 
land for the colliery railway was not vitiated by the 
noise of the exhaust steam from the chimney frighten- 
ing the cattle grazing near the line. 

To prevent the breaking of the rails Blackett and 
Hedley placed their engines upon eight wheels, and 
in order to pass round the curves they put the wheels 
under two frames ; in other words they placed each 
of their engines upon two four-icheeled bogies ! and 
to overcome the blast-pipe difficulty they placed 
a cylindrical reservoir " S " between the cylinders 
and the chimney, in order that the steam might 
escape gradually and without noise by means of the 
pipe " E.'* 

The first of these engines thus altered, or rebuilt, is 
here illustrated as it was in 1816 (Fig. 8). 

The Wylam railway having been re-laid, the 
engines were again returned to four-wheeled locomo- 
tives in 1830. 



"PUFFING billy" REBUILT 1815. 17 

"PuflBng Billy" remaiQed at work upon the Wylam 



Fig. 8.— "Puffing BiJly," astebtult 1815. 
line till 1862, when it waa removed to the South 
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Kensington Museum ; the " Wylam Dilly " is still 
preserved in the Edinburgh Museum. 

The Duke of Portland^ in 1817, ordered an engine 
from George Stephenson, similar in every respect to 
Fig. 6, for use upon his Kilmarnock and Troon tram- 
road. The engine worked the coal traffic from the 
collieries to the Troon harbour successfully, but its 
use was afterwards given up, as the cast-iron tram- 
plates proved too weak to carry any engine. 

The owners of Hetton Colliery, near Sunderland, 
having seen the satisfactory working of Stephenson's 
locomotives upon the Killingworth line, decided, in 
1819, to alter their old "horse tram-road" into a 
locomotive railway, and they employed George Stephen- 
son as engineer, to lay out the line for them, and to 
construct the engines. At the opening of the Hetton 
railway on the 18th November, 1822, there were five 
of Stephenson's engines at work thereon, similar in 
design to Fig«^ 6. 



CHAPTER II. 

ENGFINES EMPLOYED UPON PUBLIC RAILWAYS FOR 
THE CONVEYANCE OF PASSENGERS, GOODS, AND 
MINERALS. 

Thus far, it will be observed, locomotive engines had 
simply been employed by private coUiery owners for 
conveyance of coal upon their own lines. The Stockton 
and Darlington "Public Railway" scheme was there- 
fore one of the important turning points in locomotive 
history. George Stephenson was appointed engineer, 
and application was made to ParUament in 1818. Twice 
the bill was rejected, but it passed in 1821, and on 
Tuesday, 27th September, 1825, this, the first public 
railway in the world, was opened for traffic. The 
engine. which drew the first train, and, in fact, the 
only engine the company at that date possessed/was 
constructed by Messrs. Stephenson & Co., for the Stock- 
ton and Darlington line, in 1825, and was named 
"Locomotion." The handbill issued September, 1825, 
announcing the intended opening of the first public 
railway, proudly and emphatically describes " Loco- 
motion " as " The Company's Locomotive Engine and 
the Engine's Tender." 

This engine i'an upon four wheels, had one large 
flue, or tube, through the boiler, the cylinders being 
placed vertically and half within the boiler ; the 
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exhaust steam from the cylinders was discharged into 
the chimney by two blast-pipes, one for each cylinder, 
that one for the left-hand dde being plainly shown 
in Fig. 9. The boiler, which was worked at a pressure 
of 25 lbs. per square inch, is 10 feet long by 4 feet 
diameter, and has 60 square feet of heating surface. 
The two vertical cylinders are 10 inches diameter, 
and the stroke 24 inches ; the piston-rods being guided 
by parallel motions. By means of a cross-head and 




Fig, 9,— Stockton and DarliDgton RaUway, "Locomotion," No, 1, 

1825. 



pair of connecting-rods the piston of the front cylinder 
is coupled to the crank-pins upon the leading wheels, 
the other piston being similarly coupled to the trail- 
ing wheels, while outside return cranks on the latter 
wheels enable the two pairs of wheels to be coupled 
with the main cranks at right angles. The wheels are 
4 feet diameter, and the weight of the engine in work- 
ing order is 6 tons 10 cwts. It was built at a cost of 
£600, and its speed was from six to eight miles an hour. 
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The tender raa upon four wheels of 2 feet 6 inches dia- 
meter, the frame being of wood, upon which is mounted 
a sheet-iron tank holding 240 gallons of water, the 
coal space being 15 cwts. Weight of tender in work- 
ing order 2| tons, 

" Locomotion " worked upon the Stockton and Dar- 
lington line from 27th September, 1825, to 1841, and 
after its retirement from active service it was placed 
upon a pedestal at the entrance to the IN^orth Eoad 
Station, Darlington, and in April, 1892, it was removed 
to Bank Top, Darlington. It is still in good working 
order, and capable of being put in steam. It headed the 
procession on the opening of the Middlesbrough and 
Bedcar Bail way ; it was taken from its pedestal and 
worked upon the Darlington section of the North Eastern 
Bail way, at the Stockton and Darlington Jubilee, Sept- 
ember of 1875 ; it was sent to the Philadelphia Exhibition 
of 1876, to the « Stephenson Centenary " of 1881, the 
Livei'pool Exhibition of 1886, and it engaged very con- 
siderable attention at the Paris Exhibition of 1889. 

The following is a copy of the official list of the 
early Stockton and DarUngton locomotives, dated 
1833 :— 

Ko. Name of Engine. Bate. Designed by NameofBnilder. 

1 Locomotion. . . . 1825 Stephenson & Co. Stephenson & Co. 

2 Hope 1826 „ „ 

3 Black Diamond. „ „ „ 

4 Diligence „ „ „ 

5 Royal George* . 1827 T. Hackworth . . EebuUtBlwa^Co.'s 

Works, Shildon. 

6 Experiment. . . . 1826 Stephenson & Co. Stephenson & Co. 

7 Rocket 1829 „ „ 

8 Victory ,, T. Hackworth . . . Railway Oo.'s 

Works, Shildon. 

* No. 5 was built by Messrs. Wilson & Co., 1826, and rebuilt by 
the Company's locomotive foreman, T. Hackworth, October, 1827. 
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No. Nome of Engine. Date. Designed by Name of Builder. 

9 Globo 1830 T. Hackworth . . Stepheoson & Co. 

10 Planet ,, Stephenson & Go. „ 

11 North Star .... „ ,t ,, 

12 Majestio 1831 T. Hackworth . . Baflway Co.'s 

Works, Shildon. 

13 Coronation .... „ „ Hawthorn & Co. 

14 William IV „ „ Railway Co.'s 

Works, ShUdon. 

15 Northumbrian.. ,, „ Railway Co. 's 

Works, Shildon. 

16 Director 1832 „ Stephenson & Co. 

17 Lord Brougham „ „ Bailwav Co.'s 

Works, ShUdon. 

18 Shildon „ „ Railway Co.' s 

Works, Shildon. 

19 Darlington.... ,, „ Hawthorn & Co. 

20 Adelaide ,, „ Stephenson & Co. 

21 EarlOrey „ „ Hawthorn & Co. 

22 Lord Durham. . „ „ Stephenson & Co. 

23 Wilberforce. . . . ,, „ Hawthorn & Co. 

24 Magnet ,, „ Railway Co. *s 

Works, Shildon. 

25 Enterprise 1833 Kitching Kitching. 

26 Swift „ Hawthorn & Co.. Hawthorn & Co. 

Following the opening of the Stockton and Darling- 
ton Bailway, Stephenson constructed for it three other 
engines of similar design to " Locomotion ; " they were 
named "Hope," "Black Diamond," "Diligence;" 
and Mr. Timothy Hackworth, who had been a fore- 
man at Stephenson's Works, Newcastle, was trans- 
ferred to the Stockton and Darlington Railway 
Company's engine-shed at Shildon and became engine 
superintendent. 

During the early part of the year 1826, Messrs. 
Wilson & Co., of Newcastle, designed and constructed 
an engine. No. 5, for the Stockton and Darlington 
Railway, and as that firm considered outside 
coupling-rods an objection, they placed their engine 
upon four wheels, and employed four cylinders, two 
to each pair. Thus the. locomotive had two pairs of 
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independent driving-wheels, a plan more recently used 
upon the North- Western Railway. 

Messrs. Stephenson & Co., early in the year 1826, 
designed and built " Experiment," No. 6 (Fig. 10), for 
the Stockton and Darlington line. 

This engine had six coupled wheels, and outside 
inclined cylinders, 9 inches diameter; stroke 24 inches ; 
wheels 4 feet diameter, boiler 10 feet long by 4 feet 
diameter. The boiler contained two fire-flue tubes, 18 
inches diameter. The exhaust steam was conveyed 
from the cy- 
linders to the 
chimney by two 
blast-pipes, one 
for each cylin- 
der. 

"Twin Sis- 
ters " (Fig. 11) 
was built by 
Stephenson & 
Co., in 1827, 
as a contrac- 
tor's locomotive at the making of the Liverpool and 
Manchester Railway, and as it was required to work 
over very severe temporary gradients it was considered 
best to construct it with twin boilers, in order to 
insure that water should at all times cover the tops of 
the fire-boxes. 

This engine ran upon six coupled wheels of 4 feet 
diameter, the cylinders being placed outside, in an 
inclined position ; two blast-pipes were employed, one 
for each cylinder. After the completion of the Liver- 
dool and Manchester Railway, "Twin Sisters" became 



Fig. 10.— Stockton and Darlington, No. 6, 



Fig. 11.— "Twin SiBters," Ballast 
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known as the "Liverpool Coke Engine," from the 
fact that it was employed to work trains of coke 
to that city for Mr. Hulton, who contracted to sup- 
ply the railway com- 
pany with locomotive 
fuel. 

The four-cylinder 
engine, No. 5, for the 
Stockton and Darling- 
ton Kailway (men- 
tioned on page 22), 
having worked very 
unsatisfactorily, and 
also having been very 
seriously damaged iu 
a collision at Stock- 
ton, Timothy Hackworth, in 1827, obtained the autho- 
rity of the directors to remodel and rebuild it. The 
boiler was 13 feet long, and 4 feet diameter, and 
into this Hackworth 
introduced a return flue- 
tube, similar to those 
previously employed by 
Trevithick and by Hed- 
ley. 

The engine thus re- 
built at the Company's 
Shildon Works was 
named the " Royal 
George," No. 5, and 
commenced work October, 1827. (Fig. 12.) 

The " Boyal George " had six coupled wheels of 
4 feet diameter, outside vertical cylinders 11 inches 
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diameter, the stroke being 20 inches. The fire-door 
and chimney were both at the same end, consequently 
two tenders were provided, one at each end of the 
engine ; the exhaust steam was discharged into the 
chimney by one blast-pipe for both cylinders. 

The maximum perfurmance of the " Koyal George " 
was drawing iJS waggons of coal weighing 130 tons 
at five miles an hour on the level and nine miles an 
hour on falling gra- 
dients. Weight of en- 
gine and its two ten- 
ders in working order, 
15 tons. The "Royal 
George" worked 
regularly upon the 
Stockton and Darling- 
ton line from 1827 to 
1842. 

Stephenson & Co. 
in 1828 constructed a 

tu .^ ,,T I- -nf-i -L ,.-n 11 four-wheeled coupled 
Pig. 13.— "Lancashire Wiioh," Bolton . , *, 

and Leigh Baiiway, 1828. engine named the 

"Lancashire "Witch," 
for the Bolton and Leigh Railway. {Fig. 13.) 

Cylinders 9 in. diameter. 

Stroke 24 in. 

Diameter o( wheels 4 ft. 

Boiler 9 ft. louy. 

Boiler 4 ft. diameter. 

The boiler contained two fire-tubes or fluea 1 ft. 6 in. diameter. 

HeatiDB anriace of flnea 66 eg. feet. 

Fonr- wheeled tender. 

The " Lancashire Witch " was employed first as a 
ballast engine at the construction of the Bolton and 
Leigh line, and it was found by experiment that this 
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engine conveyed 58 tons up a gradient of 1 in 432 at 




a speed of 8^ miles an hour ; it afterwards continued to 
work traffic for several years. 
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Early in the year 1828 the Delaware and Hudson 
Canal Company, having heard of the success of the 
Stockton and Darlington Railway, sent over Mr. Horatio 
Allen to England with instructions to obtain infor- 
mation and purchase rails and four locomotives. He 
gave an order to Messrs. Foster, Bastrick & Co., 
of Stourbridge, for three, also to Mr. Stephenson for 
one. 

Stephenson's engine was named *' America " ; it was 
built in 1828, and arrived in New York, on board 
the ship " Columbia,'* about the middle of January, 
1829. It was the first railroad locomotive ever seen 
in America, and is here illustrated. (Fig. 14.) 

The following is the copy of the official description 
of locomotive engine " America," built by R. Stephen- 
son & Co. for the Delaware and Hudson Canal Com- 
pany, to the order of Mr. Horatio Allen, 1828, and 
No. 12 in the books of the makers : — 



Ft. Ins. 

Diameter of boiler . . . . . . 4 1 

Length ,, „ 9 6 

Dimensions of fireplace . . . 4ft. Oin. by 3 

Diameter of steam cylinders .... 9 

Lengtii of stroke 2 

Size of chimney ...... 1 8 

Size of hot-water pnmp 1 J 

Length of pump stroke 2 

Wheels (wood) diameter , .... 4 

Number of wheels 4 

Angle of cylinders to the horizontal 33° 

Size of tubes 17 

Number of fire tabes 2. Tubes were straight. 



Some persons have contended that the iron-bar- 
framing in general use in the United States was an 
American invention, but reference to the illustration. 
Fig. 14, proves conclusively that the "bar-frame" 
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waB sent from this country. Although Stephenson's 
engine was the first to arrive, it was not the first to be 
run. 

Messrs. Foster & Bastrick's engine, the '' Stour- 
bridge Lion" was built 1828, and arrived in New 
York May, 1829, but neither of the engines for 
America could be put to work for some months as the 
railway was not completed. Messrs. Foster & Rastrick's 
engine, the " Stourbridge Lion," was the first locomo- 
tive which ever ran upon rails in America ; it was 
tried for the first time on 9th August, 1829, being 
driven by Horatio Allen upon a section of the Delaware 
and Hudson Canal Company's Railroad. The ** Stour- 
bridge Lion " was exactly similar to Fig. 15, but with 
a much shorter chimney. It is still preserved, and 
was exhibited at the Chicago Railway Exposition of 
1884. 

Messrs. Foster, Rastrick & Co. in 1829 constructed an 
engine (Fig. 15) for the Shutt End Railway, which 
extends from the Earl of Dudley's Colliery at Kings- 
winf ord, to the Sta£fordshire and Worcestershire Canal 
this locomotive was named '' Agenoria," and opened the 
line on Tuesday, June 2nd, 1829. 

This engine has upright cylinders working half 
beams^ thus reducing the stroke of the pistons to the 
cranks. The cylinders are 7 J inches diameter, with a 
stroke of 3 feet. There is a parallel motion to the 
piston-rod, and the feed-pump is worked from one of 
the half beams. The fire-grate is within a large tubular 
boiler, branching into two tubes, with the chimney at 
the end of the boiler, the barrel of the boiler being 10 
feet long and 4 feet diameter. The eccentrics for 
driving the slide-valves are loose upon the axle, with a 
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clutch to drive either way, and there ia hand-gear to 
the yalves to cause the axle to turn half round to bring 
the required backward or forward clutch into action. 
The exhaust steam ia discharged into the chimney, 



By. 15.—" Agenoria," Shntt End BftUway, 1829. 

which, it may he mentioned, ia of unusual height. 
"Agenoria" continued in regular work for fully 30 
years, and is now preserved in the South Kensington 
Museum. 
The LiTerpool and Manchester has been truly 
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designated ''The Grand British Experimental Rail* 
way." George Stephenson was appointed engineer, 
and the line was publicly opened loth September, 
1830. 

Some time previously to the opening the question of 
locomotive or fixed engines and ropes naturally came 
before the directors, as it was necessary to arrange for 
"power" to work the traffic; they therefore decided to 
employ Messrs. Walker and Bastrick, engineers, to 
make a tour of inspection to examine all the railways 
then at work ; but, notwithstanding the reports, the 
directors did not feel able to come to a decision, when 
one of their number, Mr. Harrison, proposed '' that a 
reward be publicly offered for the most likely mode of 
effecting their object," and it was resolved to offer a 
prize of £500 for the best engine. 

The trial took place on the Manchester side of 
Rainhill Bridge, upon a level portion of the line, and 
lasted from the 8th to the 14th October, 1829. Three 
engines competed for the prize, namely : 

The '< Rooket " by G. and K. Stephenson. 

The " Novelty '* . . . . by Braithwaite & Ericsson. 
The " Sanqwreil " .. .. by T. Hackworth. 

Each locomotive was required to run ten trips over 
the trial ground, equal to a journey of thirty-five miles, 
at full speed, the average rate to be not less than ten 
miles per hour. At the end of the first ten trips each 
engine was to ibe got ready again, and to repeat the 
test, the object being to prove that the engine would 
be able to perform a journey from Liverpool to Man- 
chester and back. 

The "Rocket" (Fig. 16) satisfactorily performed 
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all the teste required by the judges, and the prize 
was consequently avarded to Messrs. Stephenson. 



Fig. 16. — "Itocket," Liverpoorand Manijieater Railwaj, 1829. 

The dimensioiis of the "Rocket" were as follows : — 

Cylinden, diameter 8 in. 

CjlindetB, stroke 16i in. 

DnTiiig.wheelB, diameter . . . . 4 A. S} in. 

Boiler 6 ft. long. 

Boiler 3 ft. 1 in. diameter. 

Pressure of steam iu tbe boiler . . oO lbs. per sq. inch. 

Fire-box 2 ft. long inside. 

Fire-box 3 ft. broad inside. 

Fire-box 3 ft. deep ioeide. 

Tubes, number 2G. 

Tabes, diameter 3 in. 

Tubes, heating surface 1 1T'7I> square feet. 

Fire-box, heating surface . . . . 20 square feet. 

Total 137'75 square feet. 

Area of fire-grate 6 square feet. 

Weight of engine in worldng trim 4 tons 5 owta. 

Weight of tender, loaded . . . . 3 tons 4 cwts. 

Total 7 tons 9 cwU. 

The maximum speed attained by the "Kocket " at the 
BainhiU trials was 29 miles an hour. This engine, 
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althou^^h' crude in appearance, possessed all those 
essential features wluch are necessary to the success of 
a locomotive — namely, the tubular boiler, direct con- 
nection between the piston and the crank-pin on the 
driving-wheel, and blast-pipes in the chimney, there 
being one pipe for each cylinder, as in the engine of 
1815, and the "Locomotion" of 1825. It will be 
observed that so little progress had the locomotive 
engine made in public favour, that even in the year 1829 
the directors of the Liverpool and Manchester Bail way 
were divided in opinion as to fixed engines and ropes, 
horses and locomotives, and had not the locomotive 
engine proved itself a success at Rainhill, the result 
would have been the introduction of other means of 
working that line. It will therefore be seen that 
although George Stephenson was not, and of course 
never claimed to be, the inventor of the locomotive, still 
he it was who in 1829, at Hainhill, settled the question 
and made the locomotive a practical success, and there- 
by led to the introduction of railways throughout the 
world. It is hardly necessary to mention that the 
celebrated " Rocket " is preserved in the South Ken- 
sington Museum, and it may be added that the 
" Rocket " and " Sanspareil " have lately been placed 
upon some of the old original Liverpool and Man- 
chester rails of 1829 which have been presented to 
that institution by the author for the purpose, 
and the full-sized models of these engines at the 
Chicago Exhibition will also stand upon similar old rails. 
The " Novelty," constructed by Messrs. Braithwaite 
and Ericsson, ran upon four wheels, and had a com- 
bined vertical and horizontal boiler ; and bellows were 
employed to force air through the fire. In this engine, 
motion was communicated from the piston-rod to the 
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wheels by means of a bell-crank. The "Novelty" 
broke down and failed at RQiahill. 



The "Sanapareil " was designed and constructed by 
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Timothy Hackworth, the engine superintendent of the 
Stockton and Darlington line^ for the Rainhill competi- 
tion. It ran upon four coupled wheels of 4 feet 6 inches 
diameter. The boiler was 6 feet long, and 4. feet 2 
inches diameter, containing a return flue-tube, the 
chimney being placed at the same end of the engine 
as the fire-door. The cylinders were 7 inches diameter, 
and the stroke 18 inches, placed vertically one on each 
eide of the boiler, immediately above one of the pairs of 
wheels ; the exhaust steam from the cylinders was 
discharged into the chimney by a blast-pipe, similar to 
that of Trevithick's 1803. 

When the "Sanspareil" was brought forward for 
trial at Hainhill, the judges found that it did not com- 
ply with the conditions issued, being of greater weight 
than was to be allowed to be placed upon four wheels, 
the engine therefore should have been upon six wheels. 
Strictly speaking, it was considered that Hackworth's 
engine was therefore excluded from competing for the 
prize, but the judges wisely decided to put the engine to 
the same trial as the others. However, it broke down 
and failed to obtain the prize. The "Sanspareil" 
worked upon the Bolton and Leigh Railway until 1844, 
and is now placed in the South Kensington Museum. 

Atthe conclusion of the Rainhill trials and the victory 
of the '* Rocket," Stephenson received orders to build 
seven other engines, to be ready for the opening of the 
Liverpool and Manchester Railway. They were con- 
structed during the year 1830, and were very similar 
in design to the Rocket ; they were named " Meteor," 
"Comet," "Arrow," "Dart,'' "Phoenix,'' "North Star," 
and "Northumbrian;" they all had outside cylinders 
and the driving wheels in front. 
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Tbe Canterbury and Whitstable Railway was opened 
on the 3rd May, 1830, the first train being worked by 
the Company's only locomotive, which bad been built by 
Stephenson & Co., and was named " Invicta." (Pig.18.) 

OylinderB 10 ing. diaiueter. 

Stroke IS ins. 

Boiler . . 10 ft. long. 

Boiler 3 ft. 4 ins. ditun. 

Frefeura 40 lb«. per equaie inch. 

Wheels 4 ft. diameter- 
Wheel-base 6 ft. 

Tbe boiler coDtains a flue-tube 20 incbeB diam. 
The tender ran on four wheels. 

This ancient engine is 
preserved by the South- 
Eastem Bailway Com- 
pany at its Asbford 
Works ; it was sent to 
the Darlington Jubilee, 
1875, and to the George 
Stephenson Centenary, 
1881. 

The Liverpool and 
Manchester Kailway was 
opened on the 15th 
September, 1830, upon 

, ■ L ■ ii. n ^g- 18. — "Inviota," Canterbury 

Which occasion the (jom- and Whitatabla Hallway, 1830. 
pany'e eight engines and 

trains, and about 600 people, started in a procesdon 
from Liverpool in the following order : — 

NsDia of ETi(;iiia. Drlraa by 

" Northumbriaa " O«orgo Stephenson. 

"Phoenix" Bohort Stephenson. 

"North Star ' B. Stephe^n, Sanr. 

(brouiat of G«orKe). 

"Boobet" ,. ,, i Joseph Iiooke. 

■•Dart" Thomas L. Goook. 
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Nuu ot&iglii*. Dritai bf 

" Comet " ■William Alloard. 

"Arrow" Frederick Swsnwick. 

"Meteor" A ntlumy Harding. 

Therefore the engine vhicb opened tho Liverpool and 
Mancheeter Railway 
was the " Kortbum- 
brian " (Fig. 19). 

The engine, it will 
be observed, had a 
emoke-box, and the 
cylinders were placed 
outside, nearly horizon- 
tally, the driving- 

u- ,„ ..w_.L vj -. u D wheels, as in the 

Flit. 19.— " Northumbnan," No. 8, i, , ., 

L. & M. By., 1830, " Kocket and six 

other engines named, 
were pluced in front. The "Northumbrian" had — 

CylindeiB .. .. 11 in*, diametor. 

Stroke 10 ins. 

Driving-wbeds 5 ft. diameter. 

Total heating Bnr&oe 411-75 sq.ft. 

Weight in working order 7 ton* 6 owt. 3 qra. 

Weight on driving wheels i ton* 1 qr. 

Oq the opening day, when Mr. Huskisson was 
knocked down and run over at Parkside by the 
"Rocket," he was conveyed by the *' Northumbrian " 
to Eccles, 15 miles in 25 minutes, or 36 miles an hour. 
On 16th September, 1830, when the regular traffic of 
the line commenced, the " Northumbrian " conveyed a 
train of 130 passengers from Liverpool to Manchester 
(Liverpool Road Station), a distance of 30 miles, in an 
hour and fifty minutes. 

The following ia a copy of the Company's official list 
of engines to the year 1834 :^— 
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Towards the close of tlie year 1829 Stephenson 
completed the design for a new engine for the Livet- 
pool and Manchester Railway, and it was placed upon 
that line on the 4th October, 1830. 

This engine — the "Planet" (Fig. 20) — was a striking 
improvement upon all Stephenson's previous ones. The 
cylinders were placed "inside" under the smoke-box. 



Kg.20.— "Planet," No. 9, Liverpool and Manchester BaUway, 1830. 
the driving-wheels were at the trailing end, and a 
double-cranked axle was employed, similar to one of 
those previously used for coupling the engine of 1815. 
The bar-frame is here abandoned, and an oak-frame 
employed, plated on both sides with iron : the framiog 
and the axle-boxes were outside the wheels. 

Cjlindera, 11 ins, diameter; Stroke, 16 bs. ; Between centres of 
cylinders, 2 ft. GJ ing. ; Leading wheels, 3 ft. diameter. ; DriTing 
ivheels, H ft. diameter. 
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Boiler 6 ft. 6 ins. long. 

Boiler . . . . 3 ft. diameter. 

129 tabes.. If inches. 

Heating surface of tubes . . . . 370*41 square feet. 
„ ,, firebox .. .. 37*25 ,, 

Total 407*66 ,, 

Area of fire-grate 6*60 ,, 

Weight in working trim . , . . 8 tons cwts. qrs. 
On driving wheels 6 „ 2 „ 2 „ 

This engine had also the usual four-wheeled tender, 
which weighed 4 tons fully loaded. 

On the 23rd November, 1830, the "Planet " worked 
a special train to convey voters from Manchester to 
Liverpool for an election ; the oflScial report states that 
" the time of setting out was delayed, rendering it 
necessary to use extraordinary despatch, in order to 
convey the voters to Liverpool in time " — the journey 
was performed in 60 minutes, including a stop of two 
minutes on the road for water. 

On Saturday, 4th December, 1830, the *' Planet " 
drew a mixed train of passengers and goods weighing 
76 tons (exclusive of the weight of the engine and 
tender) from Liverpool to Manchester in 2 hours 54 
minutes, including three stoppages of 5 minutes each 
for water and oiling. This train rg,n at a rate of 16 J 
miles an hour down the Sutton incline, and its greatest 
speed on the level was 15^ miles an hour. 

From another official report it is found that between 
16th September and 7th .December, 1830, the Com- 
pany's engines conveyed 50,000 passengers, and ran a 
distance of 28,620 miles, or 954 trips between Liver- 
pool and Manchester and back. 

The " Mercury '' No. 11 (Fig. 21) was constructed 
by Stephenson & Co., December, 1830 ; it was of the 
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''Planet" type, but with the improyement that the 
trame was taised so as to be above the driTing-azle. 

Stephenson's " Planet " class of engine^ as developed 
in the "Mercury/' became the standard pattern of 
English four-wheeled locomotives, and was copied in 
America and other countries shortly afterwards. In 
December, 1833, a small pair of trailing wheels was 
added behind the fire-box, and the " Mercury " became 
a six-wheeled locomotive. 

During the year 1830 Mr. Edward Bury, engineer, of 

Liverpool, in- 
troduced his 
afterwards 
Well - known 
class of four- 
wheeled en- 
g i n e, in 
which he em- 
ployed the 
bar arrange- 
ment of fram- 
ing, which is 
in general use 
to this day in 
America; and 
Timothy Hackworth placed the "Globe" upon the 
Stockton and Darlington Railway having an inside? 
frame, inside cylinders and four coupled wheels. 

Eor the first few months after the opening of the 
Liverpool and Manchester Eailway, some mixed trains 
of passengers and goods were run daily, drawn by the 
" single " engines of the " Rocket " and " Planet '' 
classes; but as the goods traffic gradually increased it 




Fig. 21.— *< Mercury," No. 11, Liverpool and 
Manchester BaQway-) December, 1830. 
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THE "SAMSON," 1831. 



41 



became necessary to work goods trains, and Messrs. R. 
Stephenson & Co., in January, 1831, placed upon the 
line two goods engines which '* had been specially 
constructed and were described as of extraordinary 
power; " they were named " Samson,*' No. 13 (Fig. 22), 
and "Goliath" (No. 15). 

It will be observed, that practically the "Samson" 
and " Goliath " were a four-wheeled coupled develop- 
ment of the " Mercury " (Fig. 21), having cylinders 14 
inches diameter, 



z:7 




16 inches stroke, 
and coupled wheels 
4 feet 6 inches 
diameter. Total 
heating surface 
457*10 square feet ; 
weight of engine 
in working order 
10 tons. 

The "Samson," 
on 25th February, 
1831, "accom- 
plished the great 
feat," it is officially 

recorded, of conveying a goods train of 164 tons (exclu- 
sive of weight of engine and tender), from Liverpool 
to Manchester in two hours and a half — ^the maximum 
speed being 20 miles an hour, and the consumption 
of coke was reduced to about a third of a pound per 
ton per mile. 

During the time the "Samson" and "Goliath" 
were under construction, another engine of the same 
class was built by Stephenson for the Hudson and 



Fig. 22. — "Samson," No. 13, Liverpool 
and Manchester Eailway, January, 1831. 
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Mohawk Railway, U.S.A., named " John Bull/' and it 
was Bent to America in 1831. 

The Glasgow and Garnkirk Railway was opened in 
1831, the first train heing drawn hy the Company's 
engine named " George Stephenson," which had been 
constructed at Newcastle, and was driven by Mr. 
George Stephenson upon that occasion. 

This engine had cylinders 11 by 16 inches ; coupled 
wheels 4 feet 6 inches diameter ; wheel base 4 feet 9 

inches. Boiler pres- 



per 




sure 50 pounds 
square inch. 

The directors of the 
Monkland and Kirkin- 
tilloch Railway (near 
Glasgow), at the be- 
ginning of the year 
1831, instructed their 
engineer, Mr. Dodds, 
to make out apian and 
specification of two 
locomotive engines, 
able to drag 60 tons 
gross weight at the 
rate of four or five miles an hour. The engines were 
built by Messrs. Murdoch and Aitken, Hill Street, 
Glasgow, the first being tried on the line on May 10th, 
1831, and the second on September 10th, 1831. An 
o£Scial report issued to the shareholders stated that 
the engines were satisfactory. 

On January 4th, 1831, the Baltimore and Ohio Rail- 
road Company ofiered 4,000 dols. premium for the best 
American locomotive of 3| tons weight, which should 



Fig. 23.— "George Stephenson," 
Glasgow and Garnkirk Railway, 
1831. 
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draw 15 tons at 15 miles an hour on a level. The 
boiler was to use as fuel anthracite coal ; it was to have 
four wheels, coupled together, 4 feet between centres, 
in order to pass around curves of 400 feet radius. The 
steam pressure was not to exceed 100 lbs. to the square 
inch above the atmosphere. The locomotives were to 
be delivered for trial upon the road, on or before June 
Ist, 1831, and the sum of 3,500 dols. was to be paid for 
the locomotive which should be adjudged to be best. 

Three or four locomotives were entered for competi- 
tion ; the prize was awarded to Messrs. Davis and 
Gartner, of York (Pennsylvania), whose engine was 
named the " York." The locomotive had a vertical-flue 
boiler and vertical cylinders, with four coupled wheels, 
30 inches in diameter. It was altered considerably 
after being placed on the road. 

The same firm afterwards built another locomotive, 
named the "Atlantic,*' being the first of what was 
known as the " Grasshopper " pattern, which was used 
for many years on the Baltimore and Ohio Railroad, 
and some of which engines were in use on that road as 
recently as 1883, and a few continued in service for a 
period of fifty years. 

During the year 1831, the directors of the Leicester 
and Swannington Railway gave an order to Messrs. R. 
Stephenson & Co. for two locomotives. The first of 
these was named " Comet,'' being No. 4 in the list of 
the makers, and No. 1 in that of the railway company. 
It was shipped by sea from Newcastle to Hull, thence by 
canal to Leicester, where it was put upon the rails and 
ran its first trip 5th May, 1832, and after doing some 
preliminary ballasting, it worked the train, upon the 
opening of the line, from West Bridge, Leicester, to 
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Bagworthf driven by George Stephenson himself, as- 
sisted by his son Robert, and the regular driver 
Weatherburn. 

The cylinders were 12 by 16 inches, the coupled 
wheels 6 feet diameter, and the wheel-base 5 feet 3 
inches ; total length of engine frame 16 feet. 

The cylinders were placed low down, the piston- 
rods passing under the leading axle, and the values 
were placed upon the tops of the cylinders. 



vn 




Fig. 24. — ** Comet," No. 1, Leicester and Swannington Bailway, 

May, 1832. 



The valve-gear consisted of a single eccentric for 
each valve, loose upon the driving-axle, motion being 
communicated by means of studs or " drivers." These 
'* drivers'' were fixed to the crank-axle by collars. 
When the eccentrics were half-way between the 
two collars, the axle turned without communicating 
any movement to them, and the engine was out of 
gear. 

By means of a " treadle " upon the foot-plate, the 
engineman moved the eccentrics lengthways upon the 




Rbfbsbncss to Illustrations 
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(See Pig. 24, p. 44) .. 



(See Fig. 26, p. 46) .. 



(See Fig. 29, p. 50) . . 



(See p. 53) 



(See Fig. 33, p. 67) . 



(See Fig. 36, p. 59) . 



(See Fig. 36, p. 61) . 



(See Fig. 39, p. 66) . 



(See Fig. 42, p. 69) . 



(See Fig. 48, p. 79) . 
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axle^ causing them to engage with either the forward 
1 CO or backward "stud " at pleasure. 

The starting or reversing of the engine was accom- 
_ plished by the engine-driver opening the regulator, 

and placing his foot upon the " treadle " in order to dis- 
wbs engage the eccentrics from the '' stud ;" another handle 
enabled him to lift up the small ends of the eccejitric- 
I rods, after which he took hold of the two valve levers 
0. on the foot-plate, and by moving them backwards and 

^^^ forwards admitted steam to the cylinders by the hand- 
gear ; when the engine was fairly started, he by 
means of the treadle caused the eccentrics to engage 
with the opposite " stud " and it continued to actuate 
the valves ; it therefore follows that the handles of the 
reversing gear upon the foot-plate were constantly 
moving backwards and forwards during the time the 
engine was in motion. 

The rod of the tender brake passed in a tube through 
the water tank, and the handle could only be reached 
by climbing upon the coke. 

The chimney of the " Comet,*' when constructed, 
was 13 feet in height from the rail level ; but it was 
knocked down in the Glenfield Tunnel on the opening 
day, and was afterwards reduced to 12 feet 6 inches. 

The weight of the " Comet '' in working order was 
9 tons 9 cwts. 2 qrs., and of the tender fully loaded 
3J tons. In December, 1836, it was sold and sent to 
be a ballast engine at the making of the London and 
Birmingham Eailway. 

Full particulars relating to this engine are given in 
the annexed copy (see folding plate) of the Company's 
locomotive list, drawn up by Mr. John Nicholson, the 
engine superintendent, in 1839. 
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The secoBd engine built by Messrs. Stephenson for 
the Leicester and Swannington Railway was the 



"Phcenix," delivered "in steam" at Leicester, 28th 
August, 1832. 

The springs of " Phoenix "_ (Fig. 25) were of the 
Qrasshopper pattern - but the experimmts made by 
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Mr. Cabry, tlie Company's engine superintendent, 
showed that they possessed no advantages, and that 
pattern of spring was therefore not repeated. 

In December, 1836, the " Phoenix " was sold and 
sent to the Birmingham and Gloucester Railway Com- 
pany, to be used as a ballast engine at the making of 
that line. 

. Towards the close of the year 1831, and during the 
year 1832, several new engines were placed upon the 
Stockton and Darlington Railway numbered from 12 
to 23 (see list, pp. 21, 22). They had boilers with 
either return-flues or return-tubes, and two tenders. 
No. 23 is illustrated (Fig. 26). 

The '* Wilberforce," No. 23, was designed by T. 
Hackworth, and constructed by Messrs. R. & W. 
Hawthorn for the Stockton and Darlington Railway, 
1832. The chimney and fire-door were both at one 
end of the engine, the cylinders were placed vertically, 
and the connecting-rods attached to an intermediate 
crank. The cylinders were 14f inches diameter, the 
stroke 16 inches in length, and the wheels 4 feet dia- 
meter. With coal trains the engine burnt about 
681b. of coal per mile. The fire-basket, which did 
duty for a head or tail lamp, is shown at the back of 
the water-tender. 

Mr. Edward Bury, of Liverpool, who afterwards 
became head of the well-known firm of Bury, Curtis, 
and Kennedy, and ultimately the locomotive super- 
intendent of the London and Birmingham Railway 
was an engineer who took an important part in the 
early history of the locomotive, and he introduced several 
features which deserve to be placed on record. Mr. 
Bury became a locomotive builder shortly after the 
opening of the Liverpool and Manchester Railway. 
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He approved of the " bar- framing/* of a circular fire- 
box, Trith the top of the fire-box casing formed in 
a large dome, and arranged the tubes in curved rows 
instead of straight ; he also built up the wheels, the 
spokes being attached by screw bolts to the rim and the 
boss. Mr. Sury was the leading and most powerful 
advocate of the four-wheeled engine. He contended 
that it was less costly than that on six wheels, that it 
could be got into less space, was lighter and safer, as 
in his opinion it adapted itself better to the rails. The 
question of four versus siz wheels engaged constant 
attention between the years 1832 and 1854 ; the com* 
petition was extremely severe, but ultimately Mr. Bury's 
" four-wheeled theory " was proved to be erroneous. 

His first engine, named '^ Dreadnought,'^ was built 
1830, it was tried on some English lines experiment- 
ally, and in 1831 it was renamed "Liverpoor* and 
went to America to the Petersburg Railroad, where, 
afterwards, it appears to have been known or re- 
named " Spitfire." 

The Liverpool and Manchester Railway Company's 
list (see p. 37) shows that in 1832 Mr. Bury built 
one of his engines, the " Liver," No. 26, for that line, 
having cylinders 11 by 16 and 5 feet driving-wheels. 

Messrs. Galloway, Borman & Glasgow, in 1832, 
constructed an engine for the Liverpool and Man- 
chester Railway (Fig. 27) ; it ran upon four wheels of 
5 feet diameter, coupled, and as the makers disapproved 
of the usual " cranked-axle," they placed the cylin- 
ders vertically in front of the smoke-box. 

The engine was not successful, and after running 
off the rails upon several occasions, was rebuilt with 
inside cylinders and a cranked-axle. 
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Fig. 28 illustrates an old locomotive engine, named 
" Ironsides," built for the Philadelphia, Qermaatown, 
and Norris- 
town Railway 
Company. It 
is of interest, 
being the first 
ruilroad loco- 
motive con- 
structed by 
Mr. Baldwin, 
the founder of 
thenowfamouB 
"Baldwin 

LooomotiTe Works," PhQadelphia, and it was coi 
pleted and ran a trial trip on Kovember 23rd, 1832. 



P7 



Fig. 27.- 




Fig 28 — IrouBidcs an American Engine NoTember 1S32 



It will be seen that the "Ironsides" was a four-wheeled 
engine modelled essentially on the English practice 
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oftliat time, and was very eimilor to the "Planet" 
and " Mercury "cIqbs introduced upon the Liverpool 
and Mancbester Kailway by George Stephenson, in 



183U ; the cylinders being 9} inches diameter, 18 
inches stroke, and the driTing-wbeels 4 feet 6 inches 
diameter. 
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In August, 1832, Messrs. R. Stephenson & Co. 
commenced the construction of two locomotives for 
the Leicester and Swannington Railway. These had 
cylinders 14 inches diameter, 18 inches stroke, and 
four coupled wheels of 4 feet 6 inches diameter, the 
wheel-base being 4 feet 9 inches, and the total length 
of the frame 17 feet. The first of these engines was 
named *^ Samson" (Fig. 29), and commenced work 
at Leicester, on 1st January, 1833 ; the other, 
*' Goliath," followed 20th March, 1833. 

One of the first events in the history of the " Sam- 
son" was that it ran into a horse and cart crossing the 
line at Thornton, the cart being loaded with butter 
and eggs for the Leicester market. The engine- 
driver had but the usual "horn," and could not 
attract attention. Mr. Ashlen Bagster, the manager 
of the railway, went the same day to Alton Grange to 
report the circumstance to Mr. George Stephenson, 
who was one of the directors and the largest share- 
holder. After various ideas had been considered, Mr. 
Bagster remarked: *'Is it not possible to have a 
whistle fitted on the engine which steam can blow?" 
George Stephenson replied, *' A very good thought, go 
and have one made," and such an appliance was at 
once constructed by a local musical instrument maker. 
It was put on in ten days, and tried in the presence 
of the board of directors, who ordered other trumpets 
to be made for the other engines which the company 
possessed. The following illustration (Fig. 30) is a 
copy of the official drawing. 

The accident, at Thornton was therefore the origin of 
the steam whistle, and the bell whistle, as we now have 
it, is an improvement upon the trumpet. When new 
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the " Samson '* and " Goliatli " had iron fire-boxes 
and copper tubes. These tabes were found to wear 
out very quickly, and the author has read corres- 
pondence addressed by Mr. Cabry to the makers^ 
showing that within four months copper tubes were 
bursting and delaying the trains, and during the 

[Copt.] 
'* LEICESTER AND SWANNINGTON RAILWAY. 




Height, 1 ft. 6 in. ; diam. of top, 6 in. 

Engine Superintendent's Office, Leicester. 

(Signed) Hensy Cabby. 

May, 1833.*' 

Fig. 30.— The Steam Trumpet. 

summer of 1833 brass tubes were substituted in these 
engines. 

During the year 1833 the portion of the Leicester 
and Swannington Railway extending from the top of 
the Swannington to the top of the Bagworth incline 
was opened by the *' Samson '' (Fig. 29), driven upon 
the occasion by Mr. Bobert Stephenson. 

It was very soon found in practice that the " Samson '* 
and its fellow engine " Goliath," haviog a long frame 
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and short wheel base, caused considerable oscillation and 
threatened serious damage to the permanent way. It 
was therefore decided by the directors, acting upon the 
advice of one of their number, Mr. George Stephenson, 
to have a small pair of trailing wheels added behind 
the fire-box in the position shown on the diagram. 
The necessary pairs of wheels and axle-boxes were 
Bent from Newcastle to Leicester, where they were 
attached by the company's fitters, under the direction 
of Mr. Cabry, engine superintendent. 

Thus the Swannington Company's " Samson " and 
** Goliath," in the early part of the year 1833, became 
the first inside cylinder goods engines upon six wheels. 
The flanges were also taken off the middle or driving* 
wheels. The change from four to six wheeels in* 
creased the wheel base to 9 feet 1 inch, and proved 
80 satisfactory that Mr. George Stephenson, after riding 
upon the " Samson,'' decided never to build another 
four-wheeled engine, and he at once took steps to 
add similar pairs of wheels to the goods engines he had 
constructed for the Liverpool and Manchester Railway. 

The South Carolina Railroad Company ordered an 
engine from Messrs. Stephenson, and it was placed on 
that line in 1833, named "Edgefield" and No. 64 in 
the books and records of the makers. It had cylinders 
10 inches by 16 inches and four coupled wheels of 
4 feet 6 inches diameter, its weight in working order 
being only 6 tons 4 cwts. Some writers have ex- 
pressed surprise that such a small engine should have 
been built after others of larger dimensions. It is 
therefore necessary to record the fact that the rails 
were not suitable to carry an engine of either greater 
weight or longer wheel-base. Another engine built 
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by the same makers in 1833, for the Hudson and 
Mohawk Railroad Company, was named " Brother 
Jonathan ; '' it was also limited in size and weight. 

Messrs. B. Stephenson & Co., in 1833, constructed 
an engine for the Saratoga and Schenectady Railroad 
of America ; it had a leading bogie, and a single pair 
of driving-wheels placed behind the fire-box. The 
*' bogie *' was found to work very satisfactorily upon 
sharp curves, and has always been in use upon Ameri- 
can passenger engines. 

Mr. Roberts — of the firm of Messrs. Sharp, Roberts 
& Co., now 
Sharp, Stewart ^ 

& Co. — in the 
year 1833 de- 
signed and 
constructed an 
engine for the 
Liverpool and 
Manchester 
Railway (Fig. 
31). 

The cylin- 
ders were placed vertically over the leading wheels, 
the motion of the cross-heads being communicated 
to the crank-pins upon the driving-wheels by means 
of connecting-rods and bell-cranks. The leading 
wheels had outside, and the driving-wheels inside 
bearings; the cylinders were 11 inches diameter, the 
stroke 16 inches, and the driving-wheels 5 feet 
diameter. 

This engine had no eccentrics to actuate the valves, 
short lever on the bell-crank giving the throw by an 




Fig. 31.— "Experiment," No. 32, Liverpool 
and Manchester Bailway, 1833. 
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loag rod to rocking gear on the foot-plate. The valves 
were tubular, without lap or lead. The pistons had not 
the usual elastic packing rings, but were made nearly 
f riotionless by exactly fitting the vertical cylinders, and 
having a white metal surface. 

This engine was very unsteady when running, and 



after running off the line it was rebuilt with the posi- 
tion of the cylinder and bell-crank altered, and another 
pair of wheels was afterwards added, but it proved a 
complete failure. 

Fig. 32 illustrates an interesting link in locomotive 
history, showing as it does one of the first engines 
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having a ** bogie" ever used on a railway in this 
country. 

This engine was built by Messrs. Carmichael & Co., 
of Dundee, and commenced work upon the Dundee and 
Newtyle Bailway, September, 1833, and during the 
same month " The Lord WhamclifFe," No. 2, was com- 
pleted ; followed by " The Trotter/' No. 3, in March, 
1834. 

These three engines were in every respect similar, 
and had a single pair of driving-wheels 4 feet 6 inches in 
diameter, placed in front, and a four-wheeled bogie, the 
cylinders being vertical, 11 inches in diameter, and the 
stroke 18 inches Weight of engine, in working order, 
without tender, 9 tons 10 cwts. ; cost of engine, without 
tender, £700. Gauge of railway, 4 feet 6 inches. 

The " Earl of Airlie " worked satisfactorily until 
1860, when it was employed to pump water as a sta- 
tionary engine. In 1854, Mr. Allan, when locomotive 
superintendent of the Scottish Central, had it pro- 
perly cleaned, painted, and photographed, and it is 
from this photograph that Fig. 32 is produced. 

Messrs. R. Stephenson & Co. delivered the "Her- 
cules " to the Leicester and Swannington Railway 
Company, 17th December, 1833, being No. 36 in the 
books of the makers, and No. 5 in those of the Com- 
pany (Fig. 33) ; it had copper- fire-box and brass tubes. 

The cylinders were 14 inches by 18 inches, the 
working pressure of steam being 551bs. per square 
inch, which was afterwards increased to 601bs. When 
built, this engine had a flange upon the driving-wheels ; 
this was, however, removed after it had been at work 
about three months. 

Experience having proved that six-wheeled goods 
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engines were superior to four-wheeled, Messrs. 
Stephenson determined to apply the same principle to 




Fig. 33. — "Hercules," Leicester and Swannington, Dec, 1833. 

passenger engines, and constructed the "Patentee'' 
for the Liverpool and Manchester Railway, upon the 
model of the "Mercury " (Fig. 21), but with an addi- 




Fig. 34. — ''Patentee,'* No. 33, Liverpool and Manchester Railway, 

January, 1834. 

tional small pair of trailing wheels under the foot- 
plate. This engine . (Fig. 34) was named " Patentee," 



58 DBVBLOPMENT OF THB LOCOMOTIVE. 

on account of its being the first constructed by Stephen- 
son under his patent of 1833, which provided that 
six- wheeled engines should have no flanges upon the 
middle pair of wheels, in order that they could easily 
pass round curves. 

The cylinders were 12 inches by 18 inches, and the 
driving-wheels 5 feet diameter. 

Special attention should be directed to this engine, 
which became a standard pattern, and was very ex- 
tensively copied in this country and all parts of the 
world, and many of the modern passenger engines are 
" developments " of the " Patentee." 

The large increase in the coal traffic upon the 
Leicester and Swannington Railway necessitated the 
use of more powerful engines to convey the trains over 
the rising gradients between the top of the Swanning- 
ton incline and the top of the Bagworth incline. To 
overcome the difficulty, Mr. Stephenson decided to 
construct a new engine, having six coupled wheels ; it 
was delivered at Leicester 8th February, 1834 (Fig. 35). 

The "Atlas'* had cylinders 16 inches by 20 inches, and 
weighed 17 tons, in working order, without the tender ; 
it was, therefore, when built, the largest, heaviest, and 
most powerful locomotive running ; its working was 
therefore watched with considerable interest, as shown 
by the reports which had to be sent weekly to the 
directors, and to the makers, for several months, and 
the copies we have seen in the railway company's 
books show that the ''Atlas'' was "highly satis- 
factory." It was stationed at the Long Lane, now 
Coalville, and worked for fully 25 years, becoming the 
property of the Midland Kail way Company when the 
Swannington line was purchased. This engine was 
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afterwards let on tire to colliery owners, and was 
ultimately sold to a contractor, being finally broken up 
after working for more than 40 years. 

It was the first goods engine ever built combining 
the six coupled wheels and inside cylinders — a pattern 
since very generally employed. The boiler was flush- 
topped, clothed with polished oak strips, bound round 
with brass hoops; a steam-trumpet was provided. The 



Kg. &6. — " Atlaa," Leiceatet and Swaimii^ion Eailwaj, Feb, 1331. 

wheels were 4 feet 6 inches diameter, the driving- 
wheels without flanges. A long and most complete series 
of experiments was carried out by Mr. Henry Cabry, the 
company's engine superintendent, to ascertain exactly 
its performance, the result being that several other en- 
gines of similar design were built for other railways. 

The Leicester and Swannington list (see page 45) 
shows that the first six engines for that line were built 
by Stephenson & Oo. However, in 1833 some of the 
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directors desired to give a trial to Bury, Tayleur and 
the Haigh Foundry Company, but Mr. Stephenson 
being a director, they appear to have felt anxious to 
know the opinion of their colleague. It was, therefore, 
decided to write a private note on the subject, to which 
George Stephenson wrote the well-known reply:— 
" Very well ; I have no objection, but put them to this 
fair test ; hang one of Bury's engines on to one of mine, 
back to back ; then let them go at it, and whichever 
walks away with the other, that's the engine." 

The order was given to Mr. Bury in 1833, who 

personally assured the directors that " whatever 

Stephenson's engine could do his could do," and an 

engine named the " Liverpool " was placed upon the 

. line during the year 1834 (Fig. 36). 

The "Liverpool" (Fig. 36) ran upon four wheels, 
4 feet 6 inches diameter, the cylinders being 13 inches 
diameter, and the stroke 20 inches. Weight of engine 
in working order 10 tons, weight of tender loaded 
4 tons 10 cwt. 

A peculiar feature in this engine was that the two 
eccentrics were placed upon the leading axle, and the 
eccentric rods passed in two spaces or boxes through 
the 6moke-box to the valve- levers placed behind the 
buffer beam ; it therefore followed that the admission 
of steam to the cylinders for working the driving- 
wheels was dependent upon the movement of the 
leading wheels and coupling-rods ; consequently any 
failure of crank-pins or coupling-rods rendered the 
engine useless, and the books of the company recorded 
two or three such failures. 

The engine was reversed by means of four handles, 
two to work the valves by hand, one gab-handle to 
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throw the small ends of th« ecoentric-roda into or out 
of gear, and one to move the two eocentrics. 



A eeriee of practical trials wei-e made with a train 
of waggons upon the Swannington Bailway in the 
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presence of the directors, when Mr. Bury was ulti- 
mately obliged to admit that his engine (Fig. 86) was 
not equal to taking the trains conveyed by Stephenson's 
"Atlas'' (Fig. 35). 

In 1834, Messrs. Sharp, Roberts & Co. supplied 
three engines exactly similar to the ''Experiment" 
(see Fig. 31), for the opening of the Dublin and 
Kingstown Railway, named "Hibemia," "Manchester," 
and " Britannia." 

None of these engines were found satisfactory, and 
the firm abandoned the " bell-crank " design. 

Mr. George Forrester opened the Vauxhall foundry 
at Livei'pool in 1834, the first locomotive constructed 
by the firm being the "Swiftsure " (Fig. 37). 

This engine was the first ever constructed combining 
outside horizontal cylinders and six wheels. The 
connecting-rod, it will be observed, worked upon an 
outside crank. The "Swiftsure" also was the first 
locomotive ever built yrith four eccentrics. 

This valve gear was Forrester's patent, in which 
each of the four eccentrics was furnished with a fork 
or " gab-end," and placed vertically, as shown (Fig. 37.) 

The chief dimensions of the ** Swiftsure " were 
cylinders 11 by 18, driving-wheels 6 feet diameter, 
total length of frame 17 feet. 

In consequence of the extreme distance apart of the 
cylinders, 7 feet 1 inch, and the unbalanced driving- 
wheels, this and other .similar engines oscillated to a very 
serious and dangerous extent at even moderate speed. 
They were generally known as *' Boxers," and proved 
a practical failure, as they could not be allowed to exert 
their full power or speed, as they either left the line or 
burst the rails. 



Forrester's valve gear. 
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During the j^ear 1834 Messrs. Forrester built three 
four-wheeled engines for the Dublin and Kingstown 
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Railway named '* Dublin/' "Kingstown," and " Vaux- 
hall;*' lik^ the "Swiftsure," they were very unsteady. 
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Measrs. R. & W. Hawthorn & Co., of Newcastle, 
designed and constructed in 1835 an engine for the 
Newcastle and Carlisle Railway (Fig. 38). 



The "Comet" (Fig. 38) conveyed one of the trains 
of passengers at the opening of the first section of 
the Newcastle and Carlisle Railway, March 9, 1835. 
It had four coupled wheels 4 feet diameter, the cylinders 
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were 13 inclies diameter^ and the stroke 16 inches ; it 
will be seen that they were placed low down under the 
smoke-box, the piston-rod working under the leading 
ttxle. The valves of the " Comet " were actuei^ted by 
Hawthorn's gear. 

Heating surface of fire-box . . . , . . 35 square feet? 
Heating sarfaoe of tubes . . . . . , 237 square feet, 

Total .272 

Pressure of steam 60 lbs. per square inch. The tender 
ran upon four wheels and carried 680 gallons of water. 

The " Comet " and several other engines of a similar 
design worked with great efficiency for many years 
upon the Newcastle and Carlisle Railway. 

Another powerful locomotive being required for the 
Leicester and Swannington Railway, an order was 
given to Messrs. Tayleur & Co., of the Vulcan 
Foundry, near Warrington. The engine (Fig. 39) 
was delivered *' in steam," at the West Bridge Station, 
Leicester, on the 2nd April, 1835. It had cylinders 
16 by 20, and six coupled wheels of 4 feet 6 inches dia- 
meter, and was a very similar type to the " Atlas " (Fig. 
35). The valve gear was of the loose eccentric type, 
described pages 44 and 45. 

During the early part of the year 1836, Messrs. 
Tayleur & Co. completed the " Star " for the Liver- 
pool and Manchester Railway, being the first of an 
order of ten " short-stroked " passenger engines. The 
cylinders were 14 inches diameter, only 12 inches stroke, 
the driving-wheels being 5 feet diameter. It was found 
in practice that the " short stroke " was not an ad- 
vantage. 

Messrs. R. Stephenson & Co. in 1836 constructed 

F 
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several passenger engines upon a similar design to 
the "Patentee'' (Fig. 34), but of larger size, one of 
which is shown in section (Fig. 40), 

It will be observed (Fig. 40) that the steam dome 
was placed upon the fire-box casing, also that the 
engine had four fixed eccentrics, and forked-ends to 
the eccentric-rods ; the two " forward '' or two " back- 




Fig. 39.— *' Vulcan," No. 8, Leicester and Swannington Eailway, 

1835. 

ward " forks were placed in or out of gear by one 
reversing lever ; the valves were still retained above 
the cylinders. 

The Newcastle and Carlisle Eailway Company had 
the greatest objection to heavy engines, and to the con- 
centration of weight; Messrs. K. Stephenson & Co. 
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therefore built the " Atlas '' (Fig. 41) for that line, 
in 1836^ having cylinders 14 by 18, and six coupled 
wheels of 4 feet 6 inches diameter, the weight, how- 
ever, in working order being only 11 tons 6J cwts. 

The "Ajax" (Fig. 42) was built by the Haigh 
Foundry Company, Wigan, and placed upon the 
Leicester and Swannington Railway, October, 1837 ; it 
had cylinders 14 by 18, and four coupled wheels 4 
feet 6 inches diameter. The builders decided to em- 
ploy tubes of 21 inches diameter instead of If inches, 




Fig. 41.— <* Atlas," Newcastle and Carlisle Railway, 1836. 

which was the usual practice at that date. Length of 
boiler between the tube plates 8 feet 8 inches. The 
valves were actuated by the " Haigh Foundry " gear, 
having four eccentrics and forked- ends to the eccen- 
tric-rods, the weight-bar shaft being placed above the 
eccentric-rod. 

Messrs. Hawthorn constructed the " Swift,'' No. 26, 
for the Stockton and Darlington Railway ; it was a 
four-wheeled engine with vertical cylinders, the con- 
necting-rods working down to an intermediate shaft, 
coupled at each side to the wheel crank-pins by coup- 
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ling-rods. No. 27, for the same railway, was named 
the "Arrow,'' built by T. Hackworth in 1837, the 
cylinders were no less than 22 inches diameter, and the 
stroke only 9 inches. Neither of these engines was 
successful, and the designs were abandoned. 

The first portion of the London and Birmingham 
Railway was opened July 20th, 1837, and the com- 




Fig. 42. — "Ajax," No. 9, Leicester and Swannington Railway, 1837. 

pleted line September 17th, 1838. Mr. Edward Bury, 
of Liverpool, on becoming locomotive superintendent 
at Wolverton, unfortunately induced the directors to 
accept his views in favour of four-wheeled engines. 
The whole of that company's locomotive stock (with 
one exception) therefore had only four wheels. The 
passenger engines had single driving-wheels, 5 feet 6 
inches diameter, and the *' goods " had four coupled 
wheels, some 4 feet 6 inches and others 5 feet dia- 
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meter, the goods engines being of very similar con- 
Btruotion to the " Liverpool," illustrated (Fig. 36). 
Soon after Messrs. Stephenson adopted the engine 



(Fig. 40) as their standard passenger locomotiTO. 
Messrs. Sharp, Roberts & Co., of the Atlas Works, 
Manchester, adopted the design shown (Fig. 43). 
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During the year 1837 Sharp, Roberts & Co. placed 
several of their standard engines upon the Grand 
Junction Railway, named — 



"Centaur" .. No. 


12 


"Wizard" 


. No. 


21 


"CaHban" .. „ 


17 


"BasUisk" . 


• 1} 


22 


*^ Cerberus" .. „ 


18 


"Vizier" 


' tf 


23 


" Doctor Dalton" ,, 


19 


"Sirocco" . 


• >> 


24 


"Eagle" .. „ 


20 


" Harpy " 


fj 


25 



All these had cylinders 12J x 18 and driving wheels 

5 feet diameter, their weight when empty being 12 
tons 5 cwts. 

The design illustrated (Fig. 43) continued to be 
Sharp's standard pattern for nearly twenty years, and 
many hundreds of engines were built — their size and 
power of course increasing from 12 J inch cylinders to 
17 inches, and the driving wheels from 5 feet to 6 feet 

6 inches ; and several engines of this old design were 
at work till a very few years ago, and it is even bslieved 
that a few can be found on small branches at the 
present day. 
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Fig. 44,— "North Star," No. 1, Great Western Riiilway, I83T. 

So far it Las only been necessary to refer to engines 
running upon the ordinary 4 feet 8J incli gauge, that 
being the only width employed in this country, with 
the exception of a gauge of 4 feet 6 inches on a few 
Scotch lines. However, Mr. Brunei, when laying out 
the Great Western Bailway, unfortunately decided to 
adopt a broad gauge of 7 feet, and Parliament unwisely 
permitted the introduction of various gauges. 



BROAD-GAUGE ENGINES. /d 

The broad gauge, however, although practically 
unnecessary and financially a failure, did more than 
anything else to improve and develop the locomotive 
engine, by creating the rivalry known as the " battle 
of the gauges," which lasted for fully fifteen years. 

The directors of the Great Western Railway having 
appointed Mr. (afterwards Sir Daniel) Gooch as loco- 
motive superintendent, the duty devolved upon him 
to design and provide the necessary engines. 

Mr. Gooch, having inspected all the locomotives on 
other railways, considered that 5 feet 6 inch wheels 
were far too small ; he therefore designed the engines 
for the Great Western with driving-wheels of 6, 7, 
and 8 feet diameter, and placed orders for their con- 
struction with the leading builders of that time. The 
first engine delivered on the line was the " North Star '' 
(Fig. 44), constructed by R. Stephenson & Co., 1837. 
It was No. 1 in the books of the railway company, 
and No. 150 in those of the makers, the following 
beins: the chief dimensions : — 



WheeU — Diameter of driving . . 


. . 7ft. 


Diameter of leading and trailing . . 


4ft. 


Cylinders — Diameter . . 


16in. 


Stroke • • , 


18in. 


Boiler — Length of barrel 


9ft. 6in. 


Diameter of barrel 


3ft. lliu. 


Number of tubes 


167. 


Length of tubes 


9ft. lOfin. 


Diameter (outside) 


IJin. 


Copper— fire-box— Length 


3ft. 6Jin. 


Width 


3ft. lOfin. 
4ft. 4jin. 


Height.. 


Heating sui-faoe— Fire-box 


94 sq. ft. 


Tubes 


756 sq. ft. 


Total 


850 sq. ft. 


Fire-grate area 


11-76 tq. 



The " North Star " ran a trial trip January Ist, 1838, 
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and commenced daily work when the first portion of 
the Great Western Railway was opened to Maidenhead, 
on June 4th, 1838. 

It continued at work for thirty-two years, and ran a 
distance of 429,000 miles, and is still preserved at 
Swindon Works, and at the present time it is under 
consideration to place this interesting relic in the 
South Kensington Museum. 

Messrs. Stephenson also constructed several other 
engines of very similar design, named " Morning Star,'' 
" Evening Star," « Dog Star,'' " Polar Star," for the 
same railway. 

The '* Vulcan," the " ^olus," and the '^Bacchus," 
built by Tayleur & Co., 1837, had 8-feet driving- 
wheels, the axle-boxes for which were placed above the 
framing as in the "Planet'^ (Fig- ^0), and on the 
opening day of the Great Western Railway *' -^olus," 
ran the distance from Maidenhead to London at an 
average speed of twenty-four miles an hour, including 
three stoppages. 

The Grand Junction Railway, opened 4th July, 1837, 
formed a very important link, connecting the London 
and Birmingham Railway, at Birmingham, with the 
Liverpool and Manchester Railway at Newton Junction. 
Mr. Jjocke, the company's engineer, decided that all 
the locomotives should run on six wheels. The pas- 
senger engines were designed and ordered to have 
driving-wheels of 5 feet 6 inches diameter, but in view 
of the larger wheels introduced by Messrs. Brunei and 
Gooch, and the taunts of the advocates of the broad 
gauge that the narrow gauge could not have large 
wheels, it was decided that a few of those engines (the 
construction of which had not proceeded too far) should 
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be provided with 6-feet wheels, one of which is illus- 
trated (Fig. 45). 

This locomotive was constructed by the Haigh 
Foundry Company, and delivered September 20th, 




Fig. 45. — Grand Junction Railway, 1838. 

1838, and is interesting, showing as it does a 
good specimen of narrow-gauge engine of that period. 



Diameter of driving wheels . . 


• ff 


G feet inch. 


Diameter of carrying wheels 


• t 


4 „ „ 


Diameter of cylinders 


(13f) 


1 „ IJ,, 


Leng^ of stroke 


(18) 


1m 6 „ 


Number of tubes, 102 




Diameter of tubes inside 


• f 


„ 2 „ 


Heating surface of tubes 


• • 


480 square feet. 


Heating surface of fire-box . . 


• • 


58 square feet. 


Total .. 


• • 


538 square feet. 



The valve gear consisted of the Ilaigh Foundry pat- 
tern, having four fixed eccentrics. Engines of this aass 
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worked with great efficiency 
ui>on the Grand Junction 
and other railways for many 
years. 

Mr. T. E. Harrison, in 
December, 1836, designed, 
and during 1837-8, Mesars. 
Hawthorn constructed, two 
locomotives for the Great 
Western Eailway. These 
engines had the cylinders 
and motion upon a separate : 
frame and wheels from the 
fire-boi and boiler. 

One of these named, tho 
" Thunderer," had wheels 
G feet diameter, but geared 
up, three to one, in order 
to be equal in effect to 
, a wheel 18 feet in dia- 
meter. 

The other, named " Hur- 
ricane," had a pair of driv- 
ing-wheels 10 feet diameter, 
the largest ever made, illus- 
trated {Fig. 46). 

The boiler, fire-box, and 
frame upon which they 
wore placed, also the tender, 
were of the same dimen- 
sions in each case. The 
cylinders and stroke were 
also similar. 
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The following are the dimensions of the " Hurri- 



cane." 



Diameter of driving wheels . . . . . . 10 feet 

Diameter of cylinders . , . . . . . . 16 inches 

Length of stroke . . 20 inches 

The boiler contained 135 brass tubes. The fire-box 
was of copper, and divided by a mid-feather. 

Heating surface of tubes . , . . 516 square feet 
Heating surface of fire-box . . , . 108 square feet 

Total . . . . 624 square feet 

Weight of the six- wheeled engine 11 tons, of which 
6 tons rested upon the 10-feet driving wheels. The 
weight of the six- wheeled frame with the boiler and 
fire-box was 12 tons. 

The steam from the boiler to the cylinders was 
conveyed by a jointed pipe and the exhaust steam was 
returned to the chimney by a similar pipe. The 
engine-driver stood upon the engine in front of the 
driving axle, and the fireman behind the fire-box in 
the usual way. Both of these extraordinary engines 
proved failures, one great cause being that there was so 
little weight available for adhesion. 

An examination of Fig. 46 shows that the " Hurri- 
cane" had a good sound framing, and there is every 
reason to believe that if the boiler had been placed over 
the driving axle, instead of on an independent frame, 
the engine would have been considerably improved. 

The Arbroath and Forfar Railway, when opened on 
the 3rd January, 1839, had a gauge of 5 feet 6 inches, 
and during the year 1838, Messrs. Stirling & Co., of 
Dundee, designed and constructed three locomotives for 
that line, named ''Victoria" (Fig. 47),** Britannia," and 
•' Caledonia." 
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Messrs. Stirling, having visited the Liverpool and 
Manchester Railwaj, and examined the ** Swiftsure '* 




(Fig. 37) y came to the conclusion that an outside frame 
was unnecessary. The Arbroath and Forfar engines 
were therefore the first to combine inside bearings. 



outside cylinders, and six wheels ; they had cylinders 
12 by 18 ; dnving-wheele 5 feet diameter. These 
locomotiTea worked very satisfactorily for many years, 
and until the line was leased to the Caledonian Com- 
pany and the gauge altered to 4 feet 8J inches. 
The Haigh Foundry Company, Wigan, constructed 



DFig. 18. — " Hector," No. 10, Leicester and Swannington Eailwar, 
September, 1830. ■ 

the " Hector " (Fig. 48), for the Leicester and Swan- 
nington E.ailway, and it commenced work upon that 
line, September, 1839. 

i " Hector " was a six-wheeled coupled goods engine, 
having cylinders 16 inches by 20 inches, and wheels 
4 feet 6 inches diameter. Total heating surface, 688 
square feet. 
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The valve gear was the " Haigh Foundry " pattern, 
having four fixed eccentrics^ and forked ends to the 
eccentric-rods; the boiler was "clothed " with sheet iron 
plate instead of with polished wood, which was the usual 
practice at that time. The driving-wheels were without 
flanges. This locomotive was constructed to work with 
a steam pressure of 120 lbs. per square inch if necessary, 
but for the first few years it was only worked with 80 to 

90 lbs. The urn-shaped vase upon the boiler contained 
a '* lock-up safety valve '* pressed to blow off at 

91 lbs. 

The *' Hector," was regarded as such a powerful 
engine that invitations were issued to the locomotive 
officials of the other companies to witness its perform- 
ance between Coalville and Bagworth, and as a result 
similar engines were ordered for the Manchester and 
Leeds, North Midland, Great Western, and Liverpool 
and Manchester Railways. 

The first part of the Birmingham and Gloucester 
Railway was opened 24th June, 1840 ; this line was 
intended to form a portion of a great through-route 
between the north and west of England; it was, 
therefore, a very serious mistake on the part of the en- 
gineer, Captain Moorsom, to have designed and con« 
structed the great Lickey incline of 1 in 37 for a dis- 
tance of over two miles, extending from Bromsgrove 
to Blackwell, and it was an equal mistake to suppose 
that English locomotive builders could not construct 
an engine to ascend the incline. However, he ordered 
eight locomotives from Norris & Co., of Philadelphia, 
the first four to arrive being named "England," 
" Phnadelphia,'' " Columbia," and " Atlantic.'' These 
engines had a four-wheeled leading bogie, a single 
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pair of driying- wheels placed in front of the fire-box, 
and outside inclined cylinders. 

Diameter of cylinden.. 10} ins. 

Length of stroke 18 inc. 

Diameter of driving-wheeU 4 ft 

Weight in working order 9 torn 11^ cwte. 

Their usnal performance up the ''Lickey " was 33 
tons at 12 to 15 miles per hour, 39| tons at 10^ miles, 
or a maximum load of 53^ tons at 8| miles. 

One of these American engines haying 11| cylinders 
was lent for a few weeks for trial upon the Grand 
Junction Railway, when it was ascertained that it con- 
veyed loads of 100 to 120 tons on an incline of 1 in 
330 at 14 to 22^ miles per hour ; or on an incline of 1 
in 177 at 10 to 14 miles per hour. The mean of seven 
journeys from Birmingham to Liverpool, with gross 
loads of about 100 tons, showed a consumption of 50 
lbs. of coke per mile, and an evaporation of 4*27 lbs. 
of water per pound of coke. 

The American engines having worked with great 
success upon the Lickey incline for a few weeks, Mr. 
Edward Bury, of Wolverton, wrote to the directors " to 
declare that whatever American engines could do his 
could do,'' and sent the London and Birmingham 
Company's engine named '^ Bury " to prove his asser*' 
tion. 

Mr. Bury, himself driving, started from Bromsgrove, 
and humorously called to Mr. Gwynn, who had come 
with the American engines, to join him. "No," he 
replied, " it's no use, you'll soon come back again," 
and back again Mr. Bury and his engine came, having 
stuck before getting half-way up the incline. 

In consequence of the taunts which appeared in an 
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American newspaper, that '' the English could make 
inclines, but had to come to America for engines to 
work them," Mr. J. E. McConnell, the locomotive 
superintendent of the Birmingham and Gloucester 
Railway, obtained the sanction of his directors to con- 
struct a powerful tank engine at the Bromsgrove works, 
and it commenced duty in 1845. 

This engine had six coupled wheels of 3 feet 9 inches 
diameter, cylinders 18 inches diameter, a stroke of 26 
inches, and a total weight of 80 tons loaded. This 
engine worked successfully for a number of years. 

Mr. Robert Stephenson's attention was given, early in 
the year 1842, to the fact that the chimneys and smoke- 
boxes were very quickly destroyed ; he therefore made 
some experiments with North Midland Company's en- 
gines at Derby to ascertain the degree of heat which 
was escaping. First he placed tin in small iron conical 
cups and suspended them in the *^ smoke box," and it 
was found to disappear quickly ; next, lead was tried in 
the same manner, and was found to melt nearly as 
easily; and, lastly, zinc was tried, which was soon 
driven off in vapour, clearly indicating a temperature 
of 773 degs. in the chimney, and showing that a great 
waste was taking place. To overcome this evil, Mr, 
Stephenson decided to lengthen the tubes of locomo- 
tives from 9 ft. to 13 or 14 ft., but he found that to 
obtain a patent for the invention he would have to 
employ an unlimited term, as to fix a length would be 
useless, as a few inches more or less would enable others 
to evade the patent ; he therefore adopted the name 
" long boiler," and placed all the axles under the barrel 
or circular part of the boiler. 

In the first of these '' long->boiler " engines, the 
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driTiiig<wheel8 were placed between the fore and bind 
carrying-wbeels, tbe cylinders being kept forward to 



tbe outside of the emoke-box (Fig. 50). Several 
engines of tbis design were built for tbe North Midland 
Railway Company and other lines. 
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Further experiments at Derby in 1843 proved that 
the " long-boiler " was successful in reducing the heat 
in the chimney to very little over 442 degs.> as upon 
placing tin in the smoke-box it was found just to melt 
at the corners. 

In 1844 Mr. Robert Stephenson decided to place 
the four carrying-wheels in front and the driving- 
wheels close in front of the fire-box ; in 1846 he 
added a pair of trailing wheels behind the fire-box, 
thus converting his long-boiler engine into an eight- 
wheeled locomotive. 

In the year 1846 it was reported that at least 150 
locomotives, according to this long-boiler pattern, were 
in constant use in this country and on the continental 
railways. 

Valve- gear having loose eccentrics (described p. 45) 
was found to be far from satisfactory, and many other 
gears were tried — for instance, those of Carmichael, 
Hawthorn, Haigh Foundry, Stephenson, Gray, Dodd 
and others — ^but none of these fulfilled all that was 
necessary. The eccentric-rods in nearly all valve 
gears, previously to 1842, were provided with "forks" 
or " gabs," which engaged with pins attached to the 
arms of the valve rods. In practice these pins were 
frequently broken off. 

Stephenson's valve-gear, generally known as " fork 
motion,'* is illustrated in Fig. 51, and shows the form 
of gear used by that firm between the years 1835 and 
1842. 

Mr. William Howe, who was a fitter in the employ 
of R. Stephenson and Co., decided to place a curved 
link between the ends of the forward and backward 
eccentric-rods to take the place of the forks. He 
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made a pencil Bketch and wooden model, wUoh were 
shown to Mr. Robert Stephenson, who, seeing its 
merits, ordered it to be fitted 
to all sngines constructed at 
bis works. At that time 
(August, 1842) two locomo- 
tives were being bnilt for 
the North Midland Railway, 
Nob. 70 and 71. No. 70 was 
already fitted with " fork mo- 
tion," but No. 71 was supplied 

with Howe's link motion (Fig. jg 

62), and commenced to run on j 

September 10, 1842. I 

Some correspondents to S 

newspapers have expressed the ^ 

opinion that " the introduc- ^ 

tion of the ' link' was not an | 

inTontion, but an improve- n 

ment." By whichever name ^ 

it be known, the fact remains ^ 

that Mr. Howe's introduction m 

of the link at once removed all 
the difficulties which had for 
years caused trouble with the 
" fork motion," and it did far 
more than this, by producing 
a complete and simple means 
of cutting off steam for ex- 
pansire working. 

It has also been contended that " the merits of the 
gear for 'cutting off' were probably not known at 
first." Now, ae a fact, the reversing lever rack of the 
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first engine ever fitted with link motion had seven 
notches on either side of the centre, and steam could 
be cut off at various proportions of the stroke, from 
41 inches to 17| inches. It is therefore perfectly 
certain that the expansive working of the gear was 
fully understood before the first engine left the 
Newcastle works, for had it not been intended to work 
expansively, *^ the seven notches on either side of the 
centre^' would have been useless. There is also 
conclusive proof that the action of the gear was fully 
understood by Mr. Howe, for he came himself to the 
North Midland Eailway with the engine No. 70 in 
order to instruct the engine-driver how to work his 
gear to the best advantage. Howe's link motion was 
at once adopted by nearly all locomotive builders, it 
is in use in all parts of the world, and to this day 
there is no valve gear to equal it. The *' link motion " 
is frequently spoken of as Stephenson's, but this is an 
error, as Howe was the inventor, and Mr. B. Stephenson 
himself always spoke of it as Howe's. 

Mr. Alexander Allan (whose death only took place 
in 1891) entered the service of the Grand Junction 
Railway Company, February, 1840, and took charge 
of that company's locomotive establishment at Edge 
Hill, Liverpool, under Mr. Buddicom, the chief 
mechanical engineer. From the copy of the ofiicial 
list in the writer's possession, it appears that, at the 
close of the year 1839, the Grand Junction Company 
possessed 59 engines. These all ran upon six wheels, 
had double frames and inside cylinders, 57 of them had 
" single " driving-wheels, and two, " Sirius," No. 30, 
and '* Gorgon," No. 41, were the only " goods " engines, 
they having the leading and driving-wheels coupled. 
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Names and numbers of the Grand Junction Com- 
pany's engines, 1837 to 1840 : — 



1. Saracen. 

2. Heola. 

3. Shark. 

4. Hecate. 

5. Falcon. 

6. Stentor. 

7. Scorpion. 

8. WUdfire. 

9. Alecto. 

10. Dragon. 

11. Zamiel. 

12. Centaur. 

13. Prospero. 

14. Witch. 

15. Phalarifl. 

16. Lynx. 

17. Caliban. 

18. Cerbenu. 

19. Dr. Dalton. 

20. Eagle. 



21. Wizard. 

22. Baailiak. 

23. Vizier. 

24. Sirocco. 
26. Harpy. 

26. MoluB, 

27. Merlin. 

28. Prometheus. 

29. Alario. 

30. Sirius. 

31. Pegasus. 

32. Tamerluie. 

33. Erebus. 

34. Phoebus. 

35. Talisman. 

36. Thalaba. 

37. Hawk. 

38. Camilla. 

39. Tartarus. 

40. Jason. 



41. (Joraon. 

42. Sunbeam. 

43. Yampire. 

44. Harlequin. 

45. SybU. 

46. Medea. 

47. Vulture. 

48. Oberon. 

49. Columbine. 

50. Hornet. 

51. Torch. 

52. Diomede. 

53. Clio. 
51. Hedusa. 

55. Lucifer. 

56. Phantom. 

57. Sultan. 

58. Syren. 

59. Vandal. 

60. Tantalus. 



Upon taking charge, Mr. Allan found that three 
engines, namely, " ^olus," 26, " Tartarus,'* 39, and 
" Sunbeam," 42, were in a very bad condition, having 
broken crank-axles and defective framings ; he there- 
fore decided to rebuild them. 

Mr. Allan's experience as manager of Messrs. 
Forrester's works had led him to become an advocate 
of outside cylinder engines; he therefore converted 
the three above-mentioned engines from inside cylinder 
to outside ; the leading and trailing wheels had out- 
side bearings as previously, but the driving-wheels had 
the outside bearings removed, and the connecting-rod 
placed direct upon a crank-pin upon the boss of the 
wheel. The broken crank-axle was of course in each 
case replaced by a straight axle. 
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The first of these rebuilt englneSy ^'^olns/' was put 
to work towards the close of the year 1840, " Tartarus '* 
and " Sunbeam " following in 1841. At this period 
the Grand Junction Eailway Company decided to build 
locomotive works at Crewe, and to ccmstruct its own 
engines. The Crewe works were opened early in the 
year 1843, Mr. Allan taking charge thereof as super- 
intendent, Mr. F. Trevithick being the company's 
chief mechanical engineer. 

Mr. Allan designed and constructed the passenger 
engines upon the model of the rebuilt ^'^olus,'' 
and employed driving-wheels of 5 feet 6 inches and 
6 feet diameter, the cylinders placed outside, being 
15 inches and the stroke 20 inches. 

The goods engines (Fig. 53) were of a similar 
design, but the driving and trailing wheels were 5 feet 
diameter and coupled, the cylinders being outside and 
15 X 20. 

These two classes became generally known as tho 
" Crewe pattern," and when, on July 16, 1846, the 
Grand Junction, London and Birmingham, and 
Manchester and Birmingham companies amalgamated 
and became the London and North- Western Bailway, 
Mr. Allan continued to build his Crewe pattern for 
the northern division of that railway. He was also 
the inventor of the " Allan straight link motion." 

The goods engines (Fig. 53) were 22 feet 5 inches 
in length over bufiers, and their weight in working 
order 19J tons ; they conveyed the goods and min- 
eral traffic on the northern division of the London 
and North- Western Railway for many years, and, 
when superseded by Mr. Bamsbottom's six- coupled 
engines, they were converted into tank engines for 
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branch passenger traffic, and some of tLem are at work 
at the present day. 

During the year 1843 the London and South- 
Western Eailway adopted outside cylinder engines of 
similar design to those introduced upon the Grand Junc- 
tion Railway at Crewe. The locomotive superintendent, 
Mr. John V. Gooch, constructed some of these engines 
with driving-wheels of 6 feet 6 inches, and others with 



Fig:. S3.— Mr. Allan's Goodfl Engines, Crewo Worka, 18i3 to 1857. 

7 feet wheels, the largest then in use on the narrow 
gauge. 

In December, 1845, a series of experiments was 
conducted upon the Great "Western Kailway, between 
London and Didcot, with an engine named " Ixion " 
having inside cylinders 15|- inches diameter and 18 
inches stroke ; four carrying-wheels ; driving-wheels, 
7 feet diameter; grate, 134 feet ; surface of fire-box, 97 
feet ; tubes, 2 inches diameter, 131 in number, surface 
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732 feet; total heating surface, 829 feet; weight, 
empty, 22 tons; weight of tender, empty, 8 tons. 
This engine attained a maximum speed of 62 miles 
per hour with an average load of 76| tons, and an 
average speed of 50 miles on a trip of 53 miles; 
the coke consumed was at the rate of 35*3 lbs. per 
mile, and water evaporated 201 '5 feet per hour. 

Mr. T. B. Crampton took out a patent in 1843 for 
an arrangement or position of locomotive wheels, in 
which the small, or carrying-wheels, were placed in 
front and the large driving-wheels at the trailing end, 
behind the fire-box ; the cylinders being outside. It 
was claimed that this design solved the problem 
of obtaining a large driving-wheel with a low centre 
line of boiler. (The idea, however, was not quite 
new, as in 1833 Mr. Baldwin, in America, constructed 
several engines having the driving-wheels behind the 
fire-box.) 

During the year 1846 Messrs. Tulk and Ley con- 
structed two engines at the Lowca works, White- 
haven, from the designs of Mr. Crampton, for the 
Namur and Liege Railway, and they were named 
« Namur " and " Li^ge." 

These engines ran upon six wheels, and had out- 
side cylinders, 16 X 20, and a pair of 7 feet driving 
wheels placed behind the fire-box. 

In practice the performance of these two engines 
was found to be equal to a load of 80 tons, exclusive 
of engine and tender, at 51 miles per hour on a level ; 
andy50 tons at 62 miles per hour on the level. 

Before exportation the " Namur '* was tried experi- 
mentally upon the London and North- Western Bail- 
way, and attained a higher speed than any broad- 
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gauge locomotive at that period; tbis result giving 
the greatest satisfaction to the narrow-gauge advo- 
cates. 

In 1846 Messrs. Stephenson and Howe patented a 
three-cylinder locomotive having two outside and one 
inside cylinder in order " to counteract the alternate 
lifting on the opposite side of the engine." Two of 
these engines were constructed and tried experi- 
mentally ; they worked satisfactorily. As is the case 
with the three-cylinder locomotives in use at the 
present day, these engines had three sets of motion to 
be provided and maintained ; however, when new they 
ran at a higher speed than the broad-gauge engines. 

At this period the battle of the gauges was at its 
height and the rivalry was most keen ; the Royal 
Commission had been appointed July, 1846, to decide 
between the " broad " and " narrow '' gauges. 

During the years 1838 to 1845, Mr. Bury was 
strongly urged by the narrow-gauge advocates to 
build some larger engines for the London and Bir- 
mingham Railway in order to compete with the Great 
Western Railway. This, however, he firmly refused 
to do, and was perfectly content to continue to place 
the small four-wheeled engines on that line, and a list 
now before us shows that even in August, 1845, the 
company had 89 four-wheeled engines and one six- 
wheeled ballast engine. There can be no question 
that the broad gauge gained many friends, in London 
especially, on account of Mr. Bury continuing to run 
small four-wheeled engines to London. The advo- 
cates of the broad gauge, of course, urged the public 
to compare the large six-wheeled engines at Padding- 
ton with the little four-wheelers at Euston. Thus it 
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will be seen that Mr. Bury, althougli himself opposed 
to the broad gauge, by his policy played into the hands 
of the broad-gauge advocates ; indeed it was remarked 
at the time that Mr. Bury did more harm to the narrow 
gauge cause than any of its enemies. 

The narrow-gauge engines were successfully main- 
taining their position (upon every line but the London 
and Birmingham), and proving that whatever could 
be done upon the 7 feet gauge could be equally well 
done on the 4 feet 8^ inches gauge. It therefore 
became necessary for the Chreat Western Company to 
make some '' striking improvement *' in order to show 
what could be obtained upon the broad gauge, and 
Mr. (afterwards Sir Daniel) Gooch, the company's 
locomotive superintendent, accordingly designed and 
constructed at the Swindon works a new and very 
powerful class of express engine which he regarded as 
the '^ ultimatum " for the broad gauge. 

The first of this class was named '' Great Western,'' 
and commenced work April, 1846. 

The engine (Fig. 54) has eight wheels — namely, 
four leading- wheels arranged in a group (but not in a 
bogie), a single pair of driving-wheels 8 feet diameter, 
having no flanges, and a small trailing pair of wheels. 
The cylinders 18 by 24, 300 tubes, and 1,767 square 
feet of heating surface. The valve gear was the well- 
known fixed link motion introduced by Mr. Gooch. 

This splendid locomotive was highly successful, and 
was found capable of evaporating 300 cubic feet of 
water per hour, and it is a noteworthy fuct that 
engines of this class appear to be among the most 
economical ever run, the consumption of coal leing as 
low as 2| lbs. per horse-power per hour. 
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This engine upon several occasions started from 
Paddington and stopped at Didcot, 53J miles, in 47 
minutes, and obtained a maximum speed of 78 miles 



an hour. 39 other locomotives were built between 1847 
and 1855 similar to Fig. 54; most of these (of course 
with new boilers) were still at work till May, 1892. 
Through the courtesy of Mr. William Dean, loco- 
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motive superintendent of the Great Western Railway^ 
the complete Ust of the 30 engines is given, showing 
the miles run before being " rebuilt " : — 

BAO4D GAUGE ENGINES, "GREAT WESTERN" CLASS. 

Date. Total 

Name of Engine. Builder. "' v mileage 

p_|if Goodemned before 

AuuK. ^ reboilt. renewal. 

Great Western .. .. G.W.R. April.. 1846 Deo... 1870 370,687 

Iron Duke „ „ .. 1847 Oct... 1871 607,412 

Lightning „ „ . . m April 1878 816,601 

Great Britain .. .. ,, July.. „ Oct. .. 1880 403,644 

Emperor „ Sept. . • „ June 1S73 690,225 

Pasha „ Not... „ „ 1876 613,038 

Sultan ......... ,, „ .. „ Aug. %, 727,300 

Courier „ June .. 1848 Not. 1877 746,120 

Tartar „ July.. „ Aug. 1876 731,817 

Dragon „ Aug... ,, Dec... 1872 670,757 

Warlock „ )»••»> June 1874 639,410 

Wizard „ Sept... „ Nov. 1876 711,908 

Rougemont „ Oct. .. „ Aug. 1879 772,401 

Hirondelle ,,. Dec. .. „ ^ay 1873 605,010 

Tornado ,, March 1849 March 1881 688,000 

Swallow ,, June.. ,, Aag. 1871569,232 

Timour . . „ Aug. . . „ Nov. „ 569,893 

Prometheus ,, Ma^ 1850 Jane 1870 538,025 

Perseus „ June.. „ Dec... 1880 722,458 

Estafette „ Sept... „ June 1870 504,544 

Rover „ ,, .. „ „ 1871461,344 

Amazon „ March 1851 July 1877 729,840 

Lord of the Isles, built 

1850,commenced work 

July, 1852 „ July.. 1852 „ 1881789,300 

Alma Rothwell Nov. . . 1854 June 1872 444,600 

Balaclava „ Dec... ,, Nov. 1871406,425 

Inkerman , March 1855 Oct. . . 1877 650,220 

Kertch „ April. . „ Dec. . . 1872 326,246 

Crimea , May.. „ Sept. 1878 605,701 

Eupatoria ,, yy *» n Oct... „ 618,275 

Sehastopol ,, July .. „ „ 1880 707,148 

The '' Lord of the Isles/' built 1850, was sent to the 
Exhibition of 1851, also to the Edinburgh Exhibition 
of 1890, and with the remoyal of the broad gauge on 
the 23rd May, 1892, the whole of this type of engines 
neoessarily ceased from their labours ; but one is now 
being sent to the Chicago Exhibition. 
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The average consumption of coal of the whole of 
the engines of this class, when working on the Great 
Western Railway, was about 27 lbs. per mile. 

Such facts as the above show that the late Sir 
Daniel Gooch took a very important part in the de- 
velopment of the locomotive. 

The success of the " Great Western '' (Fig. 54) 
at once caused the narrow-gauge lines to require 
larger engines. The London and North- Western 
Company gave orders to Messrs. Tulk and Ley for an 
engine, designed by Mr. Crampton ; it was placed on 
the line in 1847, and named the " London " ; this 
engine' had cylinders 18 by 20, a single pair of 8 feet 
driving wheels and 1,529 square feet of heating sur- 
face ; and it was claimed that with a light load she 
attained a speed of fully 74 miles an hour. The 
directors of the London and North- Western also gave 
instructions for the construction, at Crewe works, of 
three experimental engines : — 

The " Courier," designed by Mr. Crampton, having 
a pair of 7-feet wheels placed behind the fire-box ; 

The ** Velocipede," designed by Mr. Alexander Allan, 
the superintendent of the Crewe works, having a pair 
of 7-feet wheels ; and 

The " Cornwall^" by Mr. F. Trevithick, the chief 
mechanical superintendent of the northern division $ 
and they were all completed in 1847. 

The ''Courier" was a very similar engine to the 
*' Namur '* and others of Mr. Crampton's design. 

Mr. Allan, of Crewe, held the opinion that the 
'' battle of the gauges *' was an absurdity, and that it 
was not wise to build engines simply to see what could 
be done; he therefore built the " Velocipede" (Fig. 55) . 

H 
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This engine bad cylinders 15 by 20 and 7 feet 
wbeels, and this class of engine proved bighly suc- 
cessful in daily working on the nortbem division of 
the London and North- Western. 

Ou the other hand Mr. F. Trevithick considered it 
a matter of the most vital importance that the 
"narrow gauge" should eclipse the performance of 
the broad gauge ; he therefore decided to have a 



Fig. 65.— "Velocipede," No. 187, Crewe Works, Oct. 1S47. 

driving-wheel six inches larger than the "Great 
Western" (Fig. 54). In order to obtain a large 
driving-wheel and a low centre of gravity, he adopted 
the peculiar plan of placing the boiler under the driving 
axle. The driving-wheel of the "Cornwall" he 
designed of 8 feet 6 inches diameter, that being tbo 
largest size which had then, or has since, been tried 
upon the ordinary 4 feet 8J inches gauge, the cylinders 
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being 17| inclies diameter, aad 24 inches stroke. The 
engine (Fig. 56) appears to have fully answered the 
expectation of her designer, for upon the trial trip a 
speed of fully 79 miles an hour was attained under 
favourable circumstances, thus beating the " Great 
Western" by one mile per hour. 

This locomotive engaged very considerable attention 
at the Exhibition of 1851, but no engineer favoured 
the position of the boiler, and about 1862 — 1863, Mr. 



Fig. 57.—" Cornwall," London and' North- Western Railway, 1863 to 1893. 

John Ramsbottom constructed a new boiler and placed 
it above the axle. 

Fig. 57 illustrates this fine engine as thus altered, 
and as it is running to-day. 

The " Cornwall " is still working the " 45 minute " 
expresses between Manchester and Liverpool, and carries 
us back to the year 1847, or for a period of over 
45 years. It has now the largest wheel in the world, 
and it is stated that with a load equal to her power she 
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is capable of running at the highest possible speed yet 
attained. 

The "Cornwall" appears capable of several years' 
more work, and, ultimately, when it reats from its 
labours it is understood that it is to be preserved as a 
relic of early locomotive construction. 

Another large narrow-gauge engine intended to 
surpass the " Great Western " (Fig. 54) was designed 
by Mr. T. R. Crampton, and built by Messrs. Bury, 
Curtis and Kennedy, of Liverpool, for the London and 



Korth-Westem Eailway, 1848, and named the "Liver- 
pool " (Fig. 58), an engine generally considered as 
the " ultimatum for the narrow gauge." 

The " Liverpool " had cylinders 18 inches diameter, 
24 inches stroke ; 292 tubes of 2-fV inches external 
diameter and 8 of If inch, 12 feet 6 inches long; surface 
of fire-box 154-434 feet; of grate 21J feet; of tubes 
2136-117 feet; total heating surface 2,290 feet; two 
driving-wheels 8 feet diameter ; 6 carrying- wheels 4feet 
diameter ; length between centres of extreme wheels 



CBAMPTON's "LIVERPOOL.** 101 

18 feet 6 inclies ; total length of engine 27 feet ; 
weight of engine, charged, 35 tons, or 12 tons on the 
driving-wheels, 17 tons on the four leading wheels, and 
6 tons on the two intermediate wheels ; weight of tender 
21 tons ; total weight 56 tons. This engine conveyed 
the express trains between London and Wolverton for 
some time, and in one case took 40 carriages within 
time, thus exceeding ihe combined duty of three 
ordinary engines ; and when tested for " speed '* with 
a light load, the late Mr. Crampton informed the 
writer that it attained fully 79 miles an hour. 

The permanent-way at that time was not strong 
enough to carry such a large engine, its weight and 
long rigid wheel-base therefore caused it to gradually 
retire from active service. 

Had the rail-joints been "fished," and the four 
front wheels placed in a bogie frame, this would have 
been one of the most successful engines. 

Shortly after the construction of the " Liverpool " 
Mr. T. E. Crampton, in 1849, designed a locomotive 
having inside cylinders but the driving-wheels fixed to 
a straight axle. He employed a double-cranked shaft, 
having also outside cranks and coupling-rod to com- 
municate motion to the driving-wheels, which were 
placed behind the fire-box. Eight of these engines 
were ordered from Messrs. R. Stephenson and Co. , and 
placed upon the South-Eastern Railway, and one 
of these, the " Folkestone," was sent to the Exhibition 
of 1851 . Engines of this class took 44 tons at an 
average speed of 65 J miles an hour, and attained 73 J 
miles per hour upon a falling gradient of 1 in 264 ; they 
were, however, not satisfactory, and were rebuilt with 
driving-wheels upon the driving-shaft. 
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The past few pages have sliown that during the 
" battle of the gauges " several remarkable engines 
were constructed simply to attain excessive speed, and 
to show what could be done on this or that gauge ; 
some of these which worked well experimentally were 
practically unsuitable for the ordinary traffic. 

The folly of this policy having at last made itself 
apparent, '^ the battle of the gauges " ended, and the 
various locomotive builders settled down to the con- 
struction of good useful engines, capable of working 
the ordinary trains of that period. Each builder or 
designer adopted a standard pattern of passenger 
engine, and although they were very similar in general 
design the special features of each were most marked ; 
and even at the present day, no matter how much one 
of these old engines has been rebuilt, the original 
maker can be clearly determined by an examination 
of those parts which were made a speciality. 

In 1849, Messrs. E. B. Wilson and Co., of Leeds, 
brought out a class in which there was an outside 
frame and outside bearings for the leading and trailing 
wheels, but inside bearings only for the driving axle : 
the first of these was named " Jenny Lind '* (Fig. 59), 
and had cylinders 15 by 20 and wheels 6 feet diameter. 
Large numbers of these engines were built for the 
Midland and other railways. 

Mr. Ross Winans, in 1849, constructed a celebrated 
engine at his Locomotive Works, Baltimore, for the 
Baltimore and Ohio Railroad. It had a four-wheeled 
leading bogie, a single pair of driving wheels 7 feet 
diameter, and a trailing bogie; the cylinders were 
placed outside. This engine was named the " Charles 
Carroll of CarroUton." It worked satisfactorily and 



"jenny lind" type, 1849. 



ran at very high speed, but it proved too heavy for the 
very light track over which it had to rim. 
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At the same date, 1849, Messrs. E. B. Wilson & Co., 
of Leeds, built a trial engine for Mr. Crampton, in 
which he employed four large driving wheels of 6 feet 
6 inches diameter, placed at a distance of 16 feet 
between centres. By means of outside coupling rods 
motion was communicated from the intermediate shaft 
to the four driving wheels. This engine weighed 32 
tons, or 8 tons upon each wheel, which proved tco much 
for the permanent way of that period. This engine 
was tried by Mr. Crampton upon the Midland Railway, 
and attained a speed o^ fully 75 miles an hour. It was 
also tried on other lines, but no railway company would 
purchase it on account of its great weight. Another 
engine of similar design was built, but much lighter. 
It ran upon the York, Newcastle, and Berwick for 
some years. 

Messrs. Sharp Brothers, in 1849, built ten passenger 
engines for the Midland Railway, Nos. 60 to 69. The 
first six of these had cylinders 16 X 20, and driving 
wheels 5 feet 6 inches diameter for the ordinary gauge. 
The Midland Company, having purchased the Bristol 
and Gloucester Company's line, required some broad- 
gauge engines to work thereon. Four of the engines 
by Sharp were therefore built " convertible " ; they 
were, in fact, narrow-gauge locomotives having very 
long axles, and the wheels were placed quite outside 
the axle-boxes. The cylinders were 16 x 20, driving 
wheels 6 feet 6 inches. Some years later, when the 
Midland Company removed the broad gauge between 
Bristol and Gloucester, the axles were shortened and 
the wheels placed between the double frames in the 
ordinary way. 

Mr. J. E. McConnell, in 1844 — 5, designed and con- 
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Btrncted Et Bromsgrove some eDgmes for the BirtniDg- 
ham and Gloucester Hailway Company, in which he 
employed inside frames and inside bearings only. 
These small engines proved so satisfactory, that when 
he hecame locomotive auperiotendent of the soutbem 
division of the London and North-Westem Railway, 
he retained the same design and built a large number of 
engines at Wolverton of the well-known " Bloomer " 
type. Some of these had cylinders 16 X 32 and 



Hg. 60.— ".Bloomer," CIbeb 1850, L. & N.W.E., Sonttem Diviaon. 

6 feet 6 inches wheels — others similar to Fig. 60 had 
7-feet wheels. 

In November, 1852, Messrs. Tairbairn & Sons 
constructed a still larger engine from Mr, McConnell's 
design, for the southern division of the London and 
North-Western Eailway, No. 300, having cylinders 
18 X 24, and driving wheels 7 feet 6 inches, the 
boiler being provided with his system of combustion 
chamber. This engine had double frames, and all the 
axles had outside axle-boxes, and weighed 31 tons. 
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Mr. McConnell also employed his patent design of 
boiler for the Wolverton goods engines, and placed 
all the six-coupled wheels under the barrel of the 
boiler. 

It will have been observed that locomotiye engineers 
for years had tried their utmost to obtain a large 
driving-wheel and a low centre of gravity. Mr. 
McConnell, however, disagreed most strongly with the 
"low boiler" theory, and maintained that a high 
boiler was no objection, and that engines having the 
highest boilers could run with the greatest steadiness. 
At that time his opinion was simply laughed at, now 
we see that he was correct, and only had the mis- 
fortune to be about thirty years in advance of his time. 

During the year 1853, the London and North- 
Western Company employed Messrs. Woods and 
Marshall to test the efficiency of the Crewe and 
Wolverton engines (see Figs. 55 and 60), the result 
being that both were continued. It was strange that 
one company should continue to employ two locomotive 
superintendents and construct such different patterns' 
of engines. 

During the early part of the year 1852, Messrs. 
B. Stephenson and Co. constructed six express engines 
for the Midland Railway, having double framep, inside 
cylinders 16 by. 22, and driving-wheels 6 feet 6 inches ; 
they were numbered 130 to 135 inclusive. One of 
these remained in use till 1892, and in 1853 Messrs. 
Sharp, Stewart & Co. built ten express engines for the 
same line having cylinders 16 x 22, and a single pair 
of 6 feet 6 inch driving-wheels, Nos. 120 to 129. 

Mr. Archibald Sturrock, locomotive superintendent 
of the Great Northern Railway, in 1853 designed, and 
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Messrs. R. & W. Hawthorn built, a large express 
engine for that line, No. 215. This engine ran upon 
eight wheels, four in a group, but not in a bogie, a 
single pair of driving-wheels 7 feet 6 inches diameter, 
and a pair of trailing wheels. The cylinders were 
inside, 17 x 24, and the engine had double frames. 
This engine appears to have been broken up about 
1870, for at that date a new engine. No. 92, was built, 
having the old 7 feet 6 inch wheels, cylinders, and 
some other parts from old 215. No. 92 is still at work, 

Mr. Pearson, the locomotive superintendent of the 
Bristol and Exeter Railway, and a very strong 
advocate of the broad gauge, *' could not rest to think 
the narrow-gauge "Cornwall** (Fig. 56) had the largest 
wheel and attained the greatest speed." He therefore 
designed, and Messrs. Rothwell and Co., of the Union 
Foundry, Bolton, constructed, a class of broad-gauge 
tank engine in 1853 which ran upon 10 wheels, 
namely, a leading bogie, a single pair of driving- 
wheels 9 feet diameter, and a trailing bogie ; the 
cylinders were 16J X 24, the driving-wheels were 
without flanges. The driving-axle was placed above 
the framing. The boiler contained 180 tubes of 1^ 
inch diameter ; the total weight of the engine in work- 
ing order was 42 tons. The author remembers that 
at a speed of about 60 miles an hour the engine was 
remarkable for its very easy riding. American engi- 
neers have always maintained that these double bogie 
engines were a larger repetition of the Winans " Car- 
roU '* of 1849. 

Mr. Pearson many years ago informed the writer 
that his engines had been officially tested at 81 
miles an hour, and that the average consumption of 
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coke over a distance of 100,000 miles was only 21f lbs. 
per mile. 

This maximum speed of 81 miles an hour was 
attained thirty-nine years ago, but it still remains the 
highest on record. In the year 1876 one of this class 
of engine ran off the line at Long Ashton, after which 
the driving-wheels were all reduced to eight feet and 
tenders were added. A few of these celebrated engines 
as altered were running until May, 1892. 

In 1855 Mr. Gooch placed a new class of engine 
upon the Great Western Railway which had been 
constructed from his designs by Messrs. B. Stephenson ; 
these engines were intended to be to some extent 
coupled " Great Westerns/' being designed on the 
same general principles, but they had two pairs of 
7 feet driving-wheels instead of one pair of 8 feet 
wheels. These were the largest driving-wheels ever 
coupled at that time. Only ten of these engines 
were built, and after running an average distance of 
about 500,000 miles each, it was not considered 
expedient to rebuild them. 

Between the years 1853 and 1860 very much atten- 
tion was given to the subject of burning coal instead 
of coke in locomotives. Messrs. Beattie, McConnell, 
Cudworth, and others, constructed most complicated 
fire-boxes and boilers having mid-feathers, combustion- 
chambers, or special forms of " grate.'' 

All these proved perfectly unnecessary, for it was 
found by experiment on the Midland Railway that a 
brick-arch placed in the ordinary fire-box below the 
tubes ; a deflector or baffle-plate within the door ; a 
fire-door by which the supply of cold air can be pro- 
perly regulated, and a steam-jet or blower in the 
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chimney, were all that were required to eflfectually 
consume the smoke in a locomotive. 

At this period of locomotive history reference must 
be made to the works of a well-known engineer, who 
in times past took, and who still takes, an important 
part in the work. The Manchester and Birmingham 
Railway (or, more correctly, the line from Manchester 
to Crewe) had its locomotive department at Longsight, 
near Manchester, and as far back as May, 1842, Mr. 
John Eamsbottom was appointed as locomotive superin- 
tendent of that company. Upon the amalgamation, 
in 1846, he continued to hold the same position under 
the name of district superintendent of the north- 
eastern division of the London and North- Western 
Railway ; and on August 1, 1857, we find him taking 
charge, as locomotive superintendent, of the northern 
division of the North- Western Railway, at Crewe 
works, in succession to Mr. Trevithick. 

In the autumn of 1858, Mr, Ramsbottom turned out 
at the Crewe works a number of his new goods engines, 
having inside frames and inside bearings only, inside 
cylinders 17 inches by 24 inches, and six coupled 
wheels of 6 feet diameter ; and in the following year, 
November, 1859, he placed his first express engine 
(Fig. 61) upon the northern division ; it was named 
" Problem,*' and is still at work. 

The "Problem" type, of which sixty were built 
between the years 1859 and 1865, all of which are still 
running, had cylinders 16 inches by 24 inches. 

Diameter of driving- wheels (new) 7 ft. 7} ins. 

Weight of engine in working order 27 tons. 

Weight of tender in working order 17^ tons» 

Total. Aiitona. 
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" Problem " was also the first engine in this country 
fitt«d with Giffard's injector for feeding the boiler.* An 
engine of this class, named " The Lady of the Lake," 
was sent, when quite new, to the Exhibition of 1862, 
and was awarded the bronze medal, which it stiU 
carries. Mr. Ramsbottom also received a medal for 
his system of troughs between the rails, by which 
engines could, and do, pick up water when running. 



This latter appliance proved of considerable value on 
January 5th, 1862, when an exceptionally fine and 
important run was made from Holyhead to Euston, the 
occasion being when answers were brought to the 
despatches sent by the English Government to 
Washington, requiring the immediate surrender of 
Messrs. Mason and Slidell, who had been taken off an 
English ship, the Trent. An engine of the " Problem" 
■ For puticuUis u to thoiqoctoi, ue p. 192. 
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type (Fig. 61), by means of the water-trough, ran 
from Holyhead to Stafford, 130^ miles, without 
stopping, and occupied only 145 minutes, and another 
engine went forward to London ; the whole distance, 
264 miles, being performed ih five hours, with only one 
stop; and on certain favourable parts of the line several 
miles were run at a rate of "just under, if not quite, 
80 miles an hour." 

It is also a fact worthy of note that in the great 
railway race of 1888, when it was required to run 
through without stopping, at the highest speed, from 
London to Crewe, the old engines of the " Problem " 
type, namely, ** Waverley ** and " Marmion,'' ran the 
racing trains. All the sixty engines of the class are 
now from 27 to 33 years old, but with a light load in 
proportion to their power they are at the present day 
capable of running as fast as any locomotive now 
at work on any railway in this country. 

Mr. McConnell, at Wolverton, in 1861, constructed 
three very large engines of the " Bloomer " type, named 
"Delamere,'* "Caithness,'* and "Maberley," one of 
which, No. 373, engaged much attention at the 
Exhibition of 1862 ; their chief dimensions being, 

Diameter of cylinders IS ins. 

Length of stroke 24 ins. 

Diameter of drivinff- wheels (new) . . 7 ft. 7} ins. 

Heating surface of fire-box 242*5 sq. ft. 

Heating surface of tubes 980*3 sq. ft. 

Total 1222*8 sq.ft. 

The fire-box was constructed to burn coal, and had a 
combustion chamber. 

Working pressure of steam . . . . 160 lb. per sq. in. 
Height of centre line of boiler above the rails 7 ft. 5| ins. 
Weight upon diiying-wbeels 14 tons. 
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lotal weight of engine in working order.. .. 34 14 
Weight of tender loaded 26 

Total 69 14 

From these details it will be seen that these three 
engines were very fine specimens, and that Mr. 
McConnell successfully solved the problem of large 
wheels, large inside cylinders, high steam pressure, 
and high boiler. He proved that a high boiler was 
no objection, and that engines having the highest boilers 
can run with the greatest steadiness ; he also proved, 
m 1861, that with a light load these engines could under 
very favourable circumstances run " within a fraction of 
80 mika an hour.'' Towards the close of the year 1861 
Mr. McConnell resigned, and Wolverton was closed as 
a locomotive build iug establishment, Mr. Ramsbottom, 
of Crewe, in the early part of the year 1862, being 
appointed locomotive superintendent of the whole line. 

Messrs. [N^eilaou & Co. constructed an express loco- 
motive (Fig. 62) to send to the Exhibition of 1862 ; 
it was in every respect similar to those previously con- 
structed by the Caledonian Eailway Company ; it had 
double frames, outside cylinders, and a single pair of 
8f t.-2in. wheels, and was, in fact, a larger edition of the 
Grand Junction Company's locomotives, as constructed 
at Crewe works in 1843 by Mr. Allan, 

Diameter of cylinders 17^ ins. 

Length of stroke 24 ins. 

Diameter of driving-wheels 8 ft. 2 ins. 

Total heating surface 1,172 sq.ft. 

Weight on £iying-wheels 14 tons 11 cwt. 

This locomotive was purchased by the late Pacha 
of Egypt, who required an engine '^ to take him at an 
average speed of 70 miles an hour." This engine, by 
Neilson, also those built by Mr. Benjamin Connor, were 
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officially tested at 80 miles an hour, and some still 
remain in use on the Caledonian at the present time. 
They are good engines, but the existing loads and the 
Beatlock incline have necessitated their removal from 
main line expresses. 

Messrs. Stephenson & Co., in 1862, constructed a 
large passenger engine named " Saltbum " for the 
Stockton and Darlington Railway, having a leading 
bogie, four coupled wheels of 7 ft. diameter, the 



Pig. 62.— Expreaa Engine, built by Neilsou, 1862. 

cylinders placed outside being 17 x 24 ; In this engine 
a small auxiliary tank was placed under the foot plate 
for heating the feed water by means of steam from 
the boiler. 

About the year 1863 Mr. Sturrock introduced 
" steam tenders " upon the Great Northern Eailway 
for the goods engines. These tenders had outside 
frames, six coupled wheels, and inside cylinders, steam 
being supplied from the engine boiler. The tender 
thus converted by Mr. Sturrock became practically a 
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second engine, haying a water-tank in the place of a 
boiler. The cylinders were 12* inches diameter and 17 
inches stroke, the cranked-axle being the middle one. 
The exhaust steam from the cylinders was discharged 
into a tubular condenser and heated the water in the 
tender tank. The weight of the tender empty was 
18 tons, and loaded, 28 tons. 

The steam tenders undoubtedly conveyed very heavy 
trains of coal, as the author saw when riding on one 
between Hitchin and London ; and the Great Northern 
Company had about fifty in use, but they did not do 
the extra amount of work to pay for their cost, and 
practically they proved a great failure. Many of the 
tenders without the steam apparatus are still in use. 

Mr. Matthew Kirtley, locomotive superintendent of 
the Midland Bailway, in the early part of the year 
1861 built several powerful tank engines to assist 
trains up the Lickey incline ; these had double frames, 
six coupled wheels of 4 ft. diameter, and cylinders 
16J X 24. They are still at work but renumbered. 

Mr. Eirtley also, early in 1862, designed and con- 
structed at Derby six powerful express engines to 
convey the anticipated heavy traffic to the exhibition of 
that year. These engines ran upon six wheels, the 
driving and trailing wheels being 6 feet 2 inches 
diameter, and coupled, the cylinders were 16J inches 
diameter, 24-inch stroke, and the steam pressure 
140 lbs, per square inch ; they were numbered 80 to 85 
inclusive. On one occasion the writer rode from 
Leicester to King's Cross, London, upon one of these 
engines, when it drew 10 coaches, and on the return 
journey, with a much lighter load, a speed of 72 
miles an hour was attained upon a falling gradient. 



MIDLAND ENGINES. 115 

FreviouBly to this date four- wheeled coupled engines 



had been considered unsuitable for passenger traffic and 
high speed. 
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In 1864, Mr. Hattheir Eirtley, tie MiiUrad Com- 
pany's locomotive superintendent, decided to construct 



* - 

; i 



at the Derby Works 20 express engines, generally 
known as the "30 claSB," having cylinders 16J X 22, 
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and drivjng-vlieels 6 feet 8 inches diameter (see Fig. 
63). 

These engines hare been remarkable for the heavy 
work which they have performed, and for economy both 
in fuel and repairs. 

With a load suitable to their power, they are still 
capable of running at the highest speeds, but of course 
they are not now sufficiently powerful for maia line 
expresses. 

From the formation of the Midland Bailway Com- 
pany in 1844 to the close of the year 1862, Mr. Eirt- 



Fig. 65.— Tank Engine, No. ISO, Midland E^waj Companj, 18T0. 

ley constructed the goods engines with cylinders 16 
by 24, and 5 feet 2 inch wheels. From 1863 to 1869 
he employed 16J inch cylinders, and from 186!» to 
1875, 17 inch cylinders (see Fig. 64). 

For working the Midland Company's trains over the 
Metropolitan Railway, Mr. Kirtley deaigned, and 
Messrs. Diibs & Co. in 1870 constructed, twenty tank 
engine8(Fig. 65) having cylinders 17 x 24, four coupled 
wheels 5 feet 2 inches diameter. 

Mr. Kirtley also designed a powerful class of express 
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engine for the Midland Railway, of which forty-eight 
were built in 1870, thirty by Messrs. Neilson & Co., 
and eighteen at Derby, having cylinders 17 X 24, and 
four coupled wheels of 6 feet 8 inches diameter ; the 
tractive force which could be exerted for each pound of 
effective steam pressure per square inch upon the pis- 
tons being 86*7 lbs., or thus — 

i^^<ip<A* = 86-7 lbs. 

The distance between the centres of the two cylinders 
is 2 feet 6 inches ; this has always been a very great 
advantage to these engines, on account of the extra 
width available for steam and exhaust passages. 

The boiler and fire-box were of the standard pattern, 
previously used by Mr. Kirtley for his goods engines 
(Fig. 64). The boiler contained 168 brass tubes of 
2 in. diameter outside, and was fed by on« injector and 
one pump. 

eq. ft. 

Heating surface of tub€B 993 

Heating surface of fire-box 103 

Total 1096 

Two safety valves were placed upon the dome, pressed 
to blow ofE at 140 pounds per square inch. 

A Roscoe lubricator was also provided. 

Surface or area of fire-grate, 17 square feet ; wheel- 
base of engine, 16 feet 6 inches. 

Weight in working order — 

tons owt. qrs. 

Of engine 36 18 2 

Of tender 24 16 2 

0t ■■ M I I— .11 — ■ .M 

Total 60 14 
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These engioes have been remarkable for their excel- 



lent working, and since their cylinders have been en- 



120 
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larged to 18 inches diameter, their efficiency has been 
still further increased. 

The tender (Fig. 67) ran upon six wheels, and carried 
2,000 gallons of water, and, if necessary, 4 tons of coal, 
and was provided with a hand brake applying a wooden 
block to each wheel. 

In 1871, Mr. Kirtley introduced another type of ex- 
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Fig. 67.— Midland Tender, 1870. 



press engine on the Midland Railway, haying inside 
bearings only for coupled wheels. 

No. 890, the first of this class, had cylinders 17 X 24 
and coupled wheels 6 feet 8 inches diameter. A very 
large number of engines of this type of framing have 
since been built and are all at work. 

It will be observed that these engines had double 
frjimes, but the coupled wheels had inside bearings 
only ; the chief dimensions being as follows : — 



Diameter of cylinders 
Length of stroke 



ft.' in. 



.. 17 
• • 24 
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ft. in; 

Diameter of coupled irheels 6 8 

Kmnlwr of tobea 232 

Diameter of tubes IJ 

Boiler preeauie 110 lbs. per sqiiiire inch. 

Heating gnrface of fire-box 92 

Heating Burlttce of tabes 1,020 

Total 1,112 

Number of scinare inches of 1 Leading 104' 

bearing surface on each i Driving . . 133' 

pwr of journala . . ) Trailing 136' 

Weight of engine in ATerage irorking order . , 36 14 



Total . 



Rg. 68.— Kirtley's Eiprcsa Engine, Midland Railway Company, 1871. 

When the American Pullmaa car trains were first 
introduced into this country in 1874 engines of the 
890 class were employed to work them, and were 
Bpecially fitted with a central buffer at the back of the 
tender, as the cars had not side buffere. 



CHAPTER IV. 

MODERN LOCOMOTIVES FOR MAIN LINE TRAINS. 

It being difficult to exactly define what is meant by 
"modern locomotiveB," for the purposes of this chapter 
engines will be included which have been designed and 
constructed within the past twenty years. 



Fig. 69. — Glasgow and South- Western Express Engine, Jnl^, 18T3. 

Mr. James Stirling, locomotive superintendent of the 
Glasgow and South-Westem Railway, at Kilmarnock, 
in 1873, was the first locomotive engineer to introduce 
a design or combination which included a leading- 
bogie, four coupled wheels 7 feet diameter, and inside 
cylinders 18 inches diameter. 
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The "tractive force exerted for each pound of effective 
steam pressure per square inch in the cylinders being, 
therefore, — 

18 X 18 X 26 



84 



= 100-286. 



It had been contended by many engineers that a 
pair of 18-inch cylinders with their valves between 
them could not be placed between the frames of an en- 
gine upon the 4 feet' 8^ inch gauge, but Mr. Stirling 
proved that sufficient space existed by placing the 
cylinders thus in his new. engine. 

The boiler is flush-topped, having a Ramsbottom 
safety-valve placed over the fire-box casing, and is 
without a dome. 

No. 6 (Pig. 69) was reversed by means of screw gear, 
but in May, 1874, Mr. Stirling completed a similar 
locomotive, No. 95, and it was the first to be-fitted with 
his steam reversing gear. This gear consists of two 
small cylinders placed horizontally upon the right-hand 
side of the foot-plate, both the pistons being attached 
to one rod which passes out through the front cylinder 
cover and is connected to the rod working to the re- 
versing gear. By means of a small handle the engine- 
driver can admit steam to either end of the steam 
cylinder, and thus put the engine in forward or back- 
ward gear at pleasure. Between the two cylinders the 
piston rod carries an index which works over a fixed 
scale showing the position of the gear and the propor- 
tion of the stroke at which the steam is being cut off 
in the main locomotive cylinders. 

To retain the steam reversing gear in any required 
position the second small cylinder is completely filled 
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with oil, and its piston can only move when the ^river 
permits a valve to open to allow the oil to pass from one 
end of the small cylinder to the other. 

Theref ore, without any manual labour the engineman 
can reverse the locomotive by means of a small handle 
upon the foot-plate, and as the one handle actuates both 
the steam valve and the oil valve, it follows that in 
whatever position the driver stops the supply of steam 
the oil will firmly hold the gear. 

Engines of this type still remain the standard pattern 
upon the Glasgow and South- Western Railway, and 
Mr. Stirling has during recent years introduced a very 
similar design upon the South-Eastem Railway, but 
having cylinders 19 inches diameter, for working the 
express trains between Charing Cross and Dover. 

In 1874 Mr. Stroudley designed and constructed at 
the Brighton Works an engine named the " Grosvenor," 
No. 151 (Fig. 70). 

This engine has a single pair of driving wheels 
6 feet 9 inches diameter, cylinders 17 X 24, weight on 
driving-wheels 14 tons. The " Grosvenor,'' was sent 
with the Brighton Company's train to the Newark 
Brake trials in 1875 ; it also was the engine employed 
throughout Captain Galton's brake experiments in 
1878—79. 

When the " Grosvenor " was new the author rode 
several trips upon her foot-plate. On one of these 22 
coaches were conveyed from London to Brighton by 
the five o'clock express without any loss of time. 

Mr. S. W. Johnson, in 1875, introduced a powerful 
type of engine upon the Midland Railway for the con- 
veyance of heavy mineral trains. No. 1448 (Fig. 71), 
being one of those built by Kitson & Co. 
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Engines of thia class have cylinders I7j X 26, nnd 



six coupled wheels of 4 feet 10 inclies diameter ; the 
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tractive force for each pound of effective pressure on 
the pistons being therefore — 

Oo 

Heaimg surface . . . • . • 1,225 square feet. 

In 1878 Mr. F. W. Webb, of the London and 
North- Western Railway, converted one of the old 
engines on that line into a compound, on Mr. Mallet's 
system, the result of its working being that Mr. 
Webb in 1881-2 built at Crewe a compound engine 
of his own design named " Experiment,'' No. 66. 

Mr. Webb's system employs three cylinders, namely 
two high-pressure cylinders of equal size, placed out- 
side and arranged to drive the hind driving-axle, 
and one low-pressure cylinder placed inside, under 
the smoke-box, and arranged to drive the front 
driving-axle ; the steam, of course, passing from the 
two high-pressure cylinders into the one low-pressure 
cylinder. 

There is no subject relating to locomotive construc- 
tion which has engaged so much attention and caused 
so much controversy as the introduction of ''Com- 
pouud " Express Engines. The advocates of the com- 
pound principle maintain that ^' as the steam is used 
twice over there must be a saving in fuel, and that 
even if some of the early engines built are not fully up 
to expectations the defects wiU be overcome in the 
next to be constructed." 

On the other hand the advocates of the " Simple " 
system point out that two sets of cylinders and motion 
are cheaper to construct and cheaper to maintain than 
three sets; they hold the opinion that there is no 
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saving in coal, and that even if there were, it would 
be due to the high pressure of steam used, not to the 
compound principle ; and with regard to the question 
of fast running they refer to the fact that at the time 
of the great railway race of 1888 the three-cylinder en- 
gines had to be withdrawn, and ''simple two-cylinder" 
engines employed to perform the fast running. 

The only possible way to prove what are the real 
capabilities of the " Simple '* and " Compound " 
systems, respectively, is to have a complete and im- 
partial trial. Let two engines be built, the one 
"Simple," the other "Compound" — the boilers, fire- 
boxes, heating surface, pressure of steam, and diameter 
of driving-wheels, being identical in each. Let the 
first cost, cost of maintenance, consumption of coal and 
oil^ be carefully ascertained, and let the two engines 
be run over the same section of line with similar 
trains ; in fact, have the trials made absolutely fair, 
and in a very short time the results would settle all 
the controvers3\ 

The writer has watched the subject most carefully 
from the first, in an impartial spirit, but he cannot fail 
to observe that "facts" are in favour of the "Simple" 
engine. Whatever a " Compound " engine can do a 
"Simple" engine can do, and frequently with more 
efficiency. It is therefore not a matter of surprise 
that the locomotive superintendents of all the other 
important lines, after having made themselves fully 
acquainted with the " Compounds " in use in this 
country, continue to build large numbers of non- com- 
pound express engines, which give great satisfaction. 

In 1881 the late Mr. William Stroudley, locomotive 
superintendent of the London, Brighton and South 
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Coast Eailway, found that engines of increased power 
were required to work the Company's express trains, 
which were constantly increasing in weight ; for instance, 
the 8-45 A.M. express from Brighton to London Bridge 
being a train often consisting of 25 coaches, the time 
allowed being 1 hour 10 minutes, the weight, including 
engine and tender, being fully 350 tons. The return 
train leaves London Bridge at 5 p.m., and arrives at 
Brighton at 6*5 p.m. 

Mr. Stroudley, therefore, constructed in 1882, at the 
Brighton works, a powerful express engine named 
•'Gladstone'' (Fig. 72). 

tt. in* 

Diameter of cylinders (18 J) 1 GJ 

Length of stroke (26) 2 2 

Diameter of coupled wheels 6 6 

The tractive force for each pound of efEective pres- 
sure in the cylinders is therefore — 

Total heating surface 1,485 sq. ft. 

tons. cwiB. 
Weight of engine in working order . . , . 38 14 
Tender loaded 27 7 

Total 66 1 

This engine is fitted with the Westinghouse auto- 
matic brake applying two cast-iron blocks to each of 
the coupled wheels, and one block to each tender 
wheel. The valves are actuated by the ordinary 
"Howe*' curved link motion, the reversing being 
performed by the late Mr. Stroudley's arrangement, in 
which air from the Westinghouse brake is made to do 
the duty of a reversing lever or screw* 

The position of the valves is under the cylindersi 

K 
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therefore it follows tliat wlieu steam is shut ofF, all 
frictiou between valves and thetr laces ceases. To 
reduce the wear of the leading wheels Mr. Stroudley 
arranged a pipe leading from the bottom of the exhaust, 
in order to turn a jet of steam against the flange of 
each leading wheel, the cold wheel condenses the steam 
and lubricates the flanges, and when running round 
sharp curves, especially in dry weather, the grinding 
noise of leading wheels, so often observed upon many 
lines, is consequently avoided. 



'Fig. 72.— Brighton Company's Express Engine, 1S82. 

The tender runs upon six wheels, carries 2,250 gal- 
lons of water and two tons of coal, and has inside frame 
and inside bearings only. 

A number of other similar engines have been built, 
one of which, named "Ed ward Blount," obtained a gold 
medal at the Haris Exhibition in 1889. 

Engines of the " Gladstone" type have very success- 
fully coped with the difficulty of conveying express 
trains of excessive length ; however, in consequence of 
the increase of traffic and the generally-expressed wish 
of the passengers that "the journey {torn Loudon to 
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Brighton Bhould be performed in an hour," it is prob- 
able that at DO distant date some of the beariest trains 
will hare to be run in duplicate. 



The line from London Bridge to Brighton is about 
50^ miles in length, and about three miles from London 
the Kev Gross incline of 1 in 100 for 3^ miles com- 
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mencee, after vhicli the line rises and falls by gradients 
of 1 in 264 to three summits, one at Merstham tunnel, 
another at Balcombe tnnnel, and the third at the 
Clayton tunnel. It therefore follows that vith a train 
of fair average length, an engine having a "single" 
pair of driving wheels of 7 feet or 7 feet 6 inches dia- 
meter could, without difficulty, perform the journey of 
50^ miles in 60 minutes. 

Fig. 73 shows that the " Gladstone " has the four 
large coupled wheels placed in front; this arrangement 
enables a very much shorter coupling-rod to be em- 



f^g. 74.— Uidl&nd Tender, No. 1631. 

ployed, and leaves the length of the fire-box practically 
unlimited, which is not the case when the trailing 
wheels are coupled. However, for the fastest express 
work the writer would prefer an uncoupled wheel as 
leader. 

The heavy expreES goods traffic upon the Midland 
Hailway necessitates the employment of powerful loco- 
motives. In 1877, Mr. Johnson introduced engines 
for this work having cylinders 17^ by 26 inches, and 
wheels of S feet 3^ inches diameter ; his more recent 
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engines are of similar appearance, but have cylinders 
18 by 26 inches, wheels 6 feet 2J inches and a boiler 
pressure of 150 lbs. per square inch. Several hundreds 
of these engines are at work and giving good results. 

The tender (Fig. 74) runs on six wheels, carries 
2,200 gallons of water, and has a coal space of 144 
cubic feet. 

Mr. S. W. Johnson, the locomotive superintendent 
of the Midland Railway, introduced " bogie '' express 
engines upon that line in 1876, and since that time 145 
have been built of the same general design as Fig. 75, 
but with cylinders varying from 17 J to 19 inches 
diameter. TJntil 1885, the steam pressure employed 
was 140 lbs. per square inch, but in that year Mr. Johnson 
designed the 1738 to 1757 class, having steel boilers 
and a high pressure of 160 lbs. per square inch. Their 
dimensions being— 

ft. in. 

Diameter of cylinders (18) 1 6 

Length of stroke (26) 2 2 

Diameter of coupled wheels 7 

The tractive force exerted for each pound of effec- 
tive steam pressure per square inch in the cylinders 
being, therefore, thus — 

18x18x26 

g| =100-28o. 

As the steam pressure carried is 160 pounds per 
square inch, and the weight available for adhesion 
is over 28 tons, it follows that the engine is capable 
of performing fast and very heavy work. 

ft. in. 
Distance apart of cylinders from centre to centre 2 4 

Length of boiler between tube plates .. .. 10 10^®^ 

Mean diameter of boiler inside 4 1 

Number of tubes 246 

Diameter of tubes If 
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FTMcure of itcwn ISOlbi. 

Total hMting mrtac* ' I,2S1 sq.ft. 

Weight in working order — 

Oo bo^e wheel* 14 ' 12 ' 1 

On inving wheels 16 

On trailing wbeeli 13 2 2 

Total i2 14 3 

Weight of tender, full, 3,2{>0 gallons of 

wftterosd 2 toniofeeal 30 1 1 

Orand total engine and tender TS 16 



Tig. 75,— Uidland Bailwaf Expreea Engine, tmilt 1SS5. 

One of these engines, No. 1767, " Beatrice," was 
sent in 1887 to the Saltaire Exhibition, and has since 
been employed to vork several royal trains. 

For the purpose of working the Midland Company's 
trains over the Lancashire and Yorkshire ^Railway, 
rid Helli£e1d, and thence to Carlisle, Mr. Johnson in 
1888 designed the 1808 to 1822 cUse, similar to No. 
1738, hut with coupled wheels of only 6 feet 6 inches 
diameter. 
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The following is the complete list of the Midland 
Company's coupled bogie express engines, all of which 
are giving excellent results : — 



N08. 


Builder. 


Date. 


Cylinder. 


stroke. 


Ooapled 
wheelfi. 


Freesure 
of Steam. 








In. 


In. 


Ft. 


In. 


Lbs. 


1312 to 1321 


Kitson 


1876 \ 
1 1877 / 
1877 


m 


26 


6 


6 


140 


1327 to 1346 


Dubs 


18 


26 


7 





140 


1562 to 1581 


M.R. Co. 


C 1882 \ 

i 1883 ) 

1883 


18 


26 


6 


9 


140 


1657 to 1666 


M.R. Co. 


18 


26 


6 


9 


140 


1667 to 1676 


M.R. Co. 


1884 
( 1885 ) 


19 


26 


7 





140 


1738 to 1757 


M.R. Co. 


\ 1886 } 
1887) 


18 


26 


7 





160 


1808 to 1822 


M.R. Co. 


1888 


18 


26 


6 


6 


160 


11 and 14 \ 
80 to 87/ 


M.R. Co. 


1891 


18 


26 


6 


6 


160 


2183 to 2202 


Sharp ) 
Stewart J 


1892 


18J 


26 


7 





160 



The Caledonian Company's express engine No. 123 
(Fig. 76), was constructed by Neilson & Co., and 
attracted much attention at the Edinburgh Exhibi- 
tion of 1886, and during the "railway race'* of 
1888. 

The following are the principal dimensions of the 
engine :— • 

Diameter of driving wheels 7 feet. 

Diameter of cylinders 18 inches. 

Loigth of stroke 26 inches. 

The tractive force exerted for each pound of effec- 
tive pressure per square inch in the cylinders being 
thus :— 

18 X 18 X 26 



84 



= 100-285 lbs. 
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Working preucre of iteun .. 150 Iba. 

Weight on diiringirtieek ,, IT tooa. 
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The engine is provided with Adams' vortex blast- 
pipe, the WeBtinghoase antomatio brake, a sand-blast, 
two injectors, and two water gauges. 

No. 123, during the "railway race," worked the 
West Coast trains between Carlisle and Edinburgh. 

The writer rode several trips in trains over this dis- 
tance, and on one day timed the 101 miles covered 
in 104 minutes, some of the rising gradients being 
very severe, namely 1 in 75 on Beattock incline. 

Number 123 was put into express traffic between 
Edinburgh and Carlisle on June 1, 1888. 



Fig. 77.— Caledoman Tender, No. 123. 

The average number of vehicles was seven, six of 
which were 8-wheeled carriages, each 42 feet long, 
and one a 6-wheeled brake van, giving a total train 
weight of about 146 tons, exclusive of engine and 
tender. 

The average consumption of coal during the " rac- 
ing " months of August, September and October, 1888, 
was 31-8 lbs. per engine mile. 

The tender (Fig. 77) runs on 6 wheels, and carries 
2,850 gallons of water, and has a coal space of 210 
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oulno feet. The tender brake caa be applied by either 
WeBtinghonae apparatas or by the usual hand-BCiew. 
Wheel-base of eDgine and tender, 42 ft. 6 in. 

Mr. Patrick Stirling, locomotive superintendent of 
the Great Northern Railway, having employed express 
engines with cylinders 17 by 24 inches, and a single 
pair of 7 feet wheels, decided to design a much more 
powerful type of express engine, having a larger 
driving-wheel and larger cylinders ; and, as he could 
not employ inside cylinders, in consequence of the 



K?. 78.— Tjpe of Great Northem Ezpieu^Engme, 1870 to 1887. 

height of the cranks, be placed them outside, where he 
could get them between the wheels of the bogie, and 
in a horizontal line with the centre of the driving- 
wheel. The first oi these was built in 1870, and 
forty-five of this pattern (Fig. 78) are now at work. 
The particular engine illustrated was the "Jubilee " 
engine sent to the Newcastle Exhibition, 1887. 

ft. iDb 

Diameter of cylinder! IS 

Length of Btroka 28 

Dismeter of driviiig wbeels (nomiiutl} . . , , 8 
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Therefore the tractive force exerted for each pound 
of effective steam pressure per inch in the cylinder is 
thus — 

18x18x28 -. .,, 
96 ^^**^^^'- 

Total heating surface 1,045 sq. ft. 

Weight of engine in working order — 

tons. cwfa. 

On front bogie wheels 8 2 

On rear bogie wheels . . . . . . . . . . . . 9 9 

On driving wheels 17 

On trailing wheels . . . . 10 12 

Total 45 3 

Weight of tender loaded 33 7 

Grand total, engine and tender . . . . 78 10 

At the time of the " race/* engines of this type with 
loads of 7 to 9 coaches, weighing 120 to 140 tons, burnt 
only 22*6 lbs. of coal per mile, when working between 
London and Grantham, and Grantham and York. 
Nothing can more clearly show their economy in regard 
to fuel. 

The line rises upon leaving London, King's Cross, by 
gradients of 1 in 105 and 1 in 110 through Maiden 
Lane and Copenhagen tunnels, and from about the 
4J mile post to the 12| post is all rising one in 200. 
It is found in practice that engines similar to Fig. 78 
can take from 16 to 20 coaches up hill to Potter's 
Bar at an average speed of 40 miles an hour, and then 
they can run the remaining 92 miles to Grantham 
without a stop at an average of just under, or if neces- 
sary, fully 60 miles an hour. In 1888 No. 776 took 
an important part in the "race to Edinburgh," and 
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engines of this type have been timed at a speed of ''just 
under, or practically, 80 miles an hour/' 

Since 1886 Mr. Stirling has placed several new ex- 
press engines upon the Great Northern Railway, known 
as the 230 class, in which he has returned to the inside 
cylinder pattern. These have 6 wheels, cylinders 18^ 
X 26, and driving wheels 7 feet 7^ inches when new. 

The practical result of working is that both types 
are very efficient. The inside cylinder class is less 
costly to build, the coal consumption is the sdmo in 
both ; and with reference to the question of speed it is 
found that the 7 feet 6 inch engines can run equally as 
fast as the 8 feet engines. For extremely fast running 
an inside cylinder engine is more suitable than an out- 
side ; it is therefore probable that in future the inside 
cylinder class will become the standard. 

A special series of comparative trips recently made 
between Doncaster, York, and Peterborough, with a 
" compound " engine, and a Great Northern " simple " 
engine resulted considerably in favour of the latter. 

For working the Great Eastern Company's heavy 
express trains between London, Yarmouth, Cromer, 
Doncaster, &c., Mr. James Holden has designed and 
constructed at Stratford several engines of the type 
illustrated (Fig. 79). 

These engines have four wheels coupled, 7 feet dia- 
meter, the leading end being carried by a pair of 4 feet 
wheels. 

The cylinders are 18 inches diameter, and the stroke 
24 inches ; the tractive force exerted for each pound 
of effective steam pressure per square inch on the pistons 
is therefore — 

18 X 18 X 24 



84 



= 92-5 



i 
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The axle of the leading wheels is provided with both 
inside and outside axle-boxes. 

Total hsating Barface 1,230 Bq. ft 

Weight io vorkiDg order 42 tons 

Weight of tender 30 tons 12 cuts. 

72 toiu 12 cwts. 

The boiler is 4 feet 3 inclies diameter inside, butt 
jointed, the plates being of steel jt inch thick, and the 
working pressure of steam 150 lb. per square inch. 



Fig. 79-— A Modem Great Eastern Express Engine. 

The inside fire-box is of copper ^ inch thick, except 
the tube plate, which is 1 inch thick at top and ^ inch 
at the bottom. It is now the practice at Stratford to 
fit all engines having cylinders 17 inches diameter 
and upwards with 5J inches steam pipes and large 
regulators. 

Indicator diagrams taken from the steam chest and 
cylinders show far -less wire drawing at high speeds 
than formerly with the 4^-inch pipes. 

The cylinders are cast in one, and placed with the 
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valve faces downwards. This arrangement allows of 
long axle bearings. The cylinders are well drained^ 
and the valves can drop from the faces when running 
with steam shut off. 

The valves are worked by the ordinary link-motion, 
counterbalanced by a spring and reversed by a wheel 
and screw. All engines now built at Stratford have 
single slide-bars, and cast-steel cross-heads, motion 
plates, spring hanger brackets, spring hangers, horn 
blocks, etc., and cast steel is now being introduced 
for all wheels. The coupling rods are made of 
wrought-iron of I section. 

The tender is carried upon six cast-steel wheels of 
4 feet diameter, the springs being outside the frames 
and (like all the new tenders) is now fitted with 
axle-boxes of a new pattern ; the box is cast in one 
without keep, a large oil reservoir is arranged to slip 
in under the journal from the front, which is easily 
removed to change the oil pads as required ; a dust 
shield is provided at the back or inner end of the box. 
These axle-boxes are found to work very satisfactorily, 
and there has not been any case of trouble from their 
heating. The tender carries 2,640 gallons of water and 
three tons of coal. 

The whole of the passenger rolling stock upon the 
Great Eastern Railway, including, of course, engine 
719, is fitted with the Westinghouse automatic con- 
tinuous brake. 

The express trains upon the Great Eastern Railway 
are heavy, more especially so during the summer 
months, when they are made up at Liverpool Street 
Station from 18 to 21, and sometimes even more, 
6-wheeled carriages, the majority of which are third- 
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class six compartment yehicles, all fully loaded and 
drawn by one engine. The work which has to be 
performed by such engines is very greatly increased, as 
the writer observed when travelling with the trains, 
by the fact that at a distance of about half a mile from 
the starting point the Bethnal Green incline commences 
and continues for nearly three-quarters of a mile upon 
a gradient of 1 in 70 ; the gradients on both the 
company's main lines are severe, the curves both 
numerous and sharp, and the trains long. 

In 1888 Mr. Holden designed a new type of express 
engines somewhat similar in appearance to 719, but 
having a " single " pair of 7 feet driving-wheels ; these 
are also giving great satisfaction. 

The Great Eastern Company has several locomotives 
at work fitted with Mr. Holden's system for burning 
liquid fuel. One of these, "Petrolea" (No. 760), is 
fitted to burn liquid fuel, but beyond the addition of 
an oil tank on the tender, and a few pipes leading to 
the liquid fuel injectors below the fire-hole door, 
there is nothing in its outward appearance to distin- 
guish it from a coal-burning locomotive, to which it 
can be converted at any moment, there being no 
alteration in the construction of the fire-box. A 
special feature of the injector is an outer ring through 
which jets of steam pass, these jets impinging at the 
nozzle on the liquid fuel induced through a central 
cone, and breaking the fuel up into a very finely 
divided spray which ignites immediately. There is 
a passage in the injector through which air also is 
induced, and as the emission of steam, liquid, and air 
can be adjusted independently of each other, combus- 
tion is regulated to a nicety, and the slightest smoke 
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avoided. The fire is lit up with coal in the usual way, 
and a bed of incandescent fuel and chalk or broken 
bricks kept up, the weight of coal used in conjunction 
with the liquid fuel being about one-third of the total 
fuel consumed. The saving of labour to the fireman 
is, of course, very great, whilst the incandescent base 
enables the engine to lie practically inert for hours 
if required, yet ready to start into action directly the 
injector is worked. The " Petrolea '* is employed to 
work some of the fastest and most important of the 
Company's trains, and the '^ fuel experiment " is 
being watched with great interest. 

The Manchester, Sheffield, and Lincolnshire Com- 
pany has recently constructed a new class of engine 
(Fig. 80), at its Gorton works, from the designs of 
Mr. Parker, locomotive superintendent. 

These engines work the main line trains between 
Manchester, Betford, and Grantham. They have 
cylinders 18 X 26, coupled wheels 6 ft. 9 in. 
diameter, with pressure of steam 160 pounds. Total 
heating-surface, 1,278 square feet. The tractive force 
for each pound of effective pressure is 104 lbs. The 
piston speed when running at 60 miles an hour is 
thus — 

26x60x66 «l,076 feet per xnmute. 
81 

Weiffht of engine in working order . • . . 46 tons. 
Tender in working order 35 tons. 

Total 81 tons. 

The tender carries 3,080 gallons of water and 4 ions 
of coal, and is provided with a special design of axle- 
box which is easily accessible. 
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TKe main line of the Mauobester, Sheffield, and 
LiDcolDshire Company forms a Tery considerable 
link in the through route between Manchester (London 
Eoad) and London (King's Cross) ; and to avoid an 
extra stop at Ketford, the Sheffield Company's engines 
work these express trains over tho Great Northern 
Railway as far south as Grantham, and it is upon this 
important Bervice that No. 564 and its sister engines 
are employed. 

The loads vary from 120 to 200 tons, equivalent to 



Fig. 80.— The Latest Deaign of M. 8. & L. Ejpresa Engine. 

nine to fifteen vehicles. The average speed, exclusiTe 
of stoppages, equals 44^ miles an hour. 

In order to fully appreciate the work which has to 
be performed, it is necessary to take into account the 
heavy gradients and also the very numerous curves 
which exist (the sharpest of which has a 7-cliain 
radius), and which, of course, cause much extra flange 
friction. The writer has recently made several trips 
In trains over the route in order to carefully note the 
actual working of the engines upon the various 
gradients. 
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Leaving Manchester, the engine has one continuous 
up-hill pull of 22 miles to Dunford Bridge, the 
gradients being chiefly 1 in 100, 108, 97, 100, 177, 201. 

Upon the return journey, after leaving Sheffield, 
the train has to climb up to Dunford Bridge, 19 miles 
of 1 in 132, 120, 131, 100, 136. RaUway-men will 
see at a glance the work which these gradients imply, 
more especially when the long incline has to be faced 
after the engine has worked from Grantham to 
Sheffield, a distance of 56 miles, and made a start from 
that station. 

The average consumption of coal per mile of the 
564 type has been reduced to 24 lbs., and under favour- 
able circumstances to 22^ lbs., per mile. 

At the present time the Manchester, Sheffield, and 
Lincolnshire line may be regarded as an extensive local 
system, its engines working from Liverpool on the west 
to Grimsby on the east, as far north as Scarborough, 
and south to Grantham. By a recent Act of Parlia- 
ment, the company's system is being extended to 
Nottingham, and by means of a projected line through 
Leicester to Aylesbury it is now certain that at no 
distant date the Manchester, Sheffield, and Lincoln- 
shire line will, in connection with the Metropolitan, 
become a great through route upon which its own 
engines will work trains to London. 

The North Eastern Company exercises its running 
powers over the North British Railway between 
Berwick and Edinburgh, and provides the locomotive 
power for the through East Coast Joint Stock 
expresses between York and Edinburgh. For several 
years this service was worked by engines designed by 
Mr. Fletcher in 1870, having four ooupled 7 feet 
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wheels and cylinders 17 by 24. In 1885 twenty 
express engines were built at the suggestion of Mr. 
Tennanty General Manager; these had 4 coupled 
7-feet wheels, cylinders 18 by 24, and 1,250 square 
feet of heating surface ; these proved remarkably fine 
engines, and still work the express trains between 
Newcastle and York. 

In the early part of the year 1889 Mr. T. W. 
Worsdell, having become the Company's locomotive 
superintendent, made a new departure by constructing 
an engine — No. 1329 — having a single pair of driving 
wheels 7 feet 1;^ inches diameter, and upon the com- 
pound principle. The working results of this engine 
proved thoroughly satisfactory to Mr. Worsdell ; he 
therefore decided to construct five others of a still 
larger design, one of these being No. 1518 (Fig. 81). 

Mr. T. W. "Worsdell has laboured very energetically 
in the development of the "two-cylinder compound 
engine " (Fig. 81), which he maintains is better than 
the three-cylinder system. 

The North-Eastern compound engines are worked 
upon the system of Messrs. Worsdell and Von Berries ; 
the latest design (Fig. 81) has a high-pressure cylinder 
20 inches diameter, and a low-pressure cylinder 28 
inches diameter, the stroke in both cases being 24 
inches. To place two such large cylinders between 
the frames it was found necessary to fix them at 
different levels, so that their axes are not parallel. 

The driving-wheels are 7 feet 7^ inches diameter. 

The valves are worked by the Joy gear, through the 
medium of rocking shafts. There is also a special 
valve arrangement by which high-pressure steam can 
be admitted direct to the low-pressure cylinder. This 
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arraDgement enables the engine to be started when the 
high-presBore cylinder is upon a dead point. The 
boilen have been built to carry a working pressure of 
steam of 200 pounds per square inch, but at the present 
time 175 poimds is the pressure used. 



Fig. 81.— The Latrat Deaign of North Eastern Engine. 

ToUl heating Bartace 1,139 iq. ft. 

Weight on dtiving vheelj 17 tons, IS cwt. 

tou. cwtL qn. 

Weight ot engine (full) 46 13 i 

Weight of tender (full) 40 1 

Total .. .. sa 11 2 

The weight of 17 tons 15 cwts. upon the driving- 
wheels, assisted by the sand-blast, is found amply 
mSicient to provide the necessary adhesion. 

This is the heaviest class of engine and tender com- 
plete running in this country. 

The tender carries 4 tons of coal and 3,940 gallons of 
water, which enables these engines to run through from 
Newcastle to Edinburgh, 134 miles 31 chains, without 
a stop. 

Several of these engines bave run at very high speed, 
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and the writer has timed them at just under 80 miles 
an hour. 

No. 1,617 was put into traffic between Newcastle 
and Edinburgh early in October, 1889. The loads 
varied from ten to twenty-two vehicles. At the end of 
October the average coal consumption was stated to be 
26*4 lbs. per mile. On one occasion a trial was made 
between Newcastle and Berwick with a train of thirty- 
two empty carriages; the distance — 67 miles — was 
run in 78 minutes, or three minutes under the time of 
the Scotch Express, and this with a load of certainly 
not less than 270 tons, exclusive of engine and tender. 

Mr. TVorsdell has also conferred a boon upon the 
drivers and firemen of the North-Eastern Railway, by 
providing them with a good comfortable cab, as shown 

(Fig. 81). 

A similar engine. No. 1,521, was sent to the 
Edinburgh Exhibition of 1890, 

Mr. William Adams, locomotive superintendent of 
the London and South- Western Railway, has lately 
designed and constructed, at Nine Elms, twenty ex-* 
press engines (Fig. 82) of great size and power. 

Diameter of cylinders 19 ins. 

Length of stroke 2G ins. 

The piston-rod passes through the front oover 
of the cylinder. 

Diameter of bogie wheels 

Diameter of coupled wheels 

Length of boiler barrel 

Length between tube-plates . . 

Diameter of boiler outside 

Number of tubes 

Diameter of tubes outside 

The boiler is made of mild steel plates. Work- 
ing pressure of steam, 175 lb. per eq. in. 
The boiler is fed by two No. 8 injectors. 

From rails to centre of boiler 



ft. 


Ins. 


3 


9J 


7 


1 


11 





11 


4 


4 


4 


240 





If 



DEVbLOFMEll't OF THB LOCOtdOTlTS. 



Fromfront of bafferpkte toceotreorbogie .. S 4{ 

From bogie oentra to centre of driTing-axlB 10 9 

From dnring to tnuling 8 6 

From trailing axle to back of frame , , . . 4 S 

The frames are of mild steel, placed inside, and 
the axles haTfi inside-bearing^s only ; the driving and 
trailing springs are attached to a compensating beam ; 



Fig. 82.— The Latest Dedgn of London & gontii-Weetein Eipreea 
Engine, No. 68ft. 

the axles are of cast-steel ; the tires of steel ; copper 
fire-box and brass tubes ; the coupling-rods are of 
wrought- iron of I. section. 

The tender runs on six wheels of 3 ft. 9} ins. 
diameter, the capacity of the tank being 3,300 gallons. 

Weight of engine in working order — 

IEnoinb — 

On bogie wheels 18 4 o' 

On driring wbeeli 15 13 

On truling wbeeli 14 18 

Total engine . . . . 48 16 
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Tender — 

Tons. cwi. qrs. 

On first pair of wheels 9 18 

On middle 10 8 

On third 11 14 



Total 32 

Total engine and tender in working 
order .. .. 80 16 

ft. in. 
Total wheel-base of engine and tender . . 44 3|- 
Total length over bufifera 53 8§ 

One cast-iron brake-block is fitted to each coupled 
and tender wheel applied by " steam *' ; the engine is 
also provided with the necessary apparatus for working 
the automatic vacuum brake upon the train. 

Mr. Adams has also designed and constructed 
another type of locomotive for either passenger or 
goods traffic, these new engines being employed to 
run express goods between London and Exeter, and 
also upon heavy excursion traffic. 

They are tender engines running upon six wheels, 
having four coupled wheels in front and a small pair 
of trailing wheels under the foot-plate. 



" 630 CLASS." 



Diameter of cylinders 
Length of stroke • . 
Diameter of coupled wheels 
Length of boiler barrel • • 
Number of tubes 
Diameter of tubes (outside) 



18 ins. 
26 „ 
6 ft. 

11 „ 
218 

l|in. 



Heating surface of tubes. . . . . . 1131*4 sq. ft. 

Heating surface of fire box 116*7 



i> 



Total .. .. 1,2481 „ 

Area of fire-grate 17 sq. ft. 

Pressure of steam 160 lb. per sq. in< 



tons. 


cwt. 


qrs. 


16 


6 





16 


8 





10 


13 





42 


7 





30 


2 
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Weight in working order — 

On leading wheels 

On driving wheels . . 

On trailing wheels 

Total engine 

Weight of tender loaded 

Grand total of engine and tender . . 72 9 
Length of wheel base of engine and tender. .38 ft. l|in. 

The new class of tank engine, 62 type, for working 
local passenger trains, runs on eight wheels and has 
inside cylinders. 

The four coupled wheels are 5 ft. 7 ins. diameter, 
placed in front, and a four-wheeled bogie is placed 
under the foot-plate. The cylinders are 18 by 26. 

Weight in working order — 

Tons. cwt. qr. 

On leading wheels 17 3 

On driving wheels 18 

On bogie wheels 17 o ^ 

Total .. .. 62 3 
Total heating surface 1,248 sq. ft. 

The South-Western Company provides its engines 
with the Adams Vortex blast-pipe, which instead of 
being a simple tapered pipe, as generally employed, 
has a central tube through which the heated air from 
the lower rows of tubes is drawn. This blast-pipe is 
found to fully answer expectations, as will be seen from 
the following official statement. 

From June, 1885, to June, 1889, the company mixed 
the coal in proportion of two-thirds Welsh coal to one- 
third hard coal ; since that time, in consequence of the 
increase in price of Welsh coal, the proportion is 
reversed, and in consequence the consumption is in- 
creased, and thus destroys the means of comparison 
with former years. (See next page.) 
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Tho latest South-Eastem express engines are 
designed by Mr. James Stirling and constructed at 
Ashford ; they have a leading bogie and four coupled 
7-feet wheels; the cylinders^ placed inside, are 19 
inches diameter and the stroke 26 inches. 

The results of the working of six of these engines 
stationed at Dover, and each running about 1,000 miles 
per week upon mail and express trains between Dover 
and London, were as follows, and show very clearly the 
influence of weather and working generally during 
three different seasons of the years since the design was 
introduced. 

Mat. 

Average load 12 vehidea — 120 tona \ ,0^ 4«..o 

Engine and tender .. 70 „ ) = l«" w^b. 

Ayerage coal per train mile, 27*62 lbs. 

NOVEXBEB. 

Average load same as above, 190 tons. 
Average coal per train mile, 30*37 lbs. 

Attqust. 
Average load 16 vehicles - 160 tons | ^^o tons. 
Engine and tender .. 70 „ j ^*" *~"» 

Average coal per train mile, 28*72 lbs. 

The London, Chatham, and Dover Railway employs ex- 
press engines designed and constructed by Mr. William 
Kirtley at its Longhedge Works. They have a leading 
bogie, four coupled wheels of 6 feet 6 inches diameter. 

The cylinders are 17^ inches diameter, by 26 inches 
stroke, the coupled wheels being 6 feet 6 inches dia- 
meter, and the tractive force therefore— 

IZi!^ - 102 lbs. 

for every lb. effective pressure on the piston. The 
boiler pressure is 150 lbs. per square inch. 

The weight on the coupled wheels is 27f tons, or 
62,160 lbs., and a tractive force equal to ^ of the weigh 
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available for adhesion would be given by a mean effec- 
tive pressure of — 

62160 

= 121-8 lbs. 



102 X 6 

per square inch, for which the cut-off required would be 
about 65 per cent, of the stroke. 

The boiler, barrel, and fire-box shell are of best 
Yorkshire iron, the barrel made in two plates only, 
the circumferential seams being lap jointed and single 
riveted, and the longitudinal seams butt jointed and 
double riveted. 

The top and sides of the shell are formed of one 
plate. The inside fire-box is of copper, the crown and 
sides in one plate, and the crown stayed by wrought- 
iron bars, secured by studs screwed through the crown 
plate into the bar with nuts on the underside. The 
fire-box stays are of copper. The back plate of the 
shell and the front tube plate are stayed by direct 
longitudinal stays, and the fire-box tube plate to the 
barrel by palm stays riveted to the latter. 

Height of centre of boiler from rail . . 

Length of barrel 

Diameter of barrel outside at largest part 

Thickness of plates 

Length of fire-box shell outside 

Width of ditto at bottom . . 

Depth of ditto from centre of boiler 

Thickness of ditto plates 

Water space between fire-box and shell at 

bottom . . . . . , . • . , 
Thickness of fire-box plates 

Ditto tube -plate 

Number of tubes, 199 (brass) 
Diameter of ditto outsiae 

Pitch of ditto 

Heating surface tubes 963 square feet. 
Ditto fire-box 107 „ „ 



ft. 


ins. 


7 


2 


10 


3 


4 


3 




A 


5 


9 


3 


11 





2 





oi 





3 





04 





oVi 





i| 





2l 



Total . . 1,070 
Grate area 16 '5 square feet. 
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The fire-box is fitted with brick arch and deflector 
plate on the inside^ and sliding doors on the outside, 
these being fitted with an auxiliary door or valve for 
legulating the admission of air to the fire-box, the main 
or sliding doors being always closed when running, so 
that no glare or heat from the fire is thrown on to the 
footplate or into the cab, to incommode the men, or 
affect their clear view of the signals by night. The 
grate bars are 1^ inches wide at the top, and of 
wrought iron with |-inch air spaces. 

The London, Tilbury and Southend Railway works 
its passenger traffic with large ten-wheeled tank 
engines, having a leading bogie, four coupled wheels 
of 6 feet diameter, and a trailing pair of small wheels, 
the cylinders placed " outside " and 17 X 26. The total 
weight of these engines is 56 tons. 

The latest tank engines for the North London Rail- 
way have been designed and built by Mr. Park at Bow ; 
they have outside cylinders 17^ X 24, a leading bogie, 
four coupled wheels, and a steam pressure of 180 lbs. 
per square inch. 

The North London Company's main line extends 
from Broad Street station to the junction with the 
London and North-Western system at Chalk Farm, 
and it has branches to Poplar and at Bow which 
bring up the total length of the railway to twelve 
miles. 

The Company also is joint lessee with the North- 
Western and Midland of the North and South- Western 
Junction Railway, and by means of running powers 
over portions of the Great Northern, London and 
North- Western, and other lines, its trains traverse the 
western, northern, and eastern suburbs of London. 
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The traffic is heavy, the gradients severe (being 1 in 
fi9 at Highgate), and the stations about half a mile 
apart. 

The average mileage of the whole of the North Lon- 
don Company's enginee equals 46,000 miles per annum, 
and the average fuel ie 30 lbs. of coal per train mile. 

The North London was one of the first companies to 
see and take advantage of high steam pressure. When 
other lines were using 120 lbs. and 140 lbs. per square 
inch, this line employed 160 lbs. with excellent results. 



Fig. 83. — Uetiopolitan District Engine. 

The Metropolitan and Metropolitan District Rail- 
ways have both for many years worked their heavy 
and continuous passenger traffic with leading bogie, 
outside cylinder, four-coupled passenger tank engines, 
having cylinders 17 X 24, and wheels 5 feet 9 
inches. However, the latest Metropolitan engine has 
inside cylinders and a trailing bogie. 

Fig. 83 shows that the engine has a leading bogie, 
four coupled wheels, and outside cylinders. This class 
of tank engine was originally designed for the under- 
ground railways by Sir John Fowler. On the opening 
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of the Metropolitan District Railway, the locomotive 
stock consisted of twenty-four of these engines, since 
increased to fifty-four, the whole of which have been 
built by Messrs. Beyer, Peacock & Co., of Manchester. 
These engines have proved remarkably satisfactory, as 
is clearly shown by the fact that when ordering new 
ones it has been found unnecessary to make any 
changes of importance in the dimensions. The chief 
dimensions of No. 54 are as follows : — 



Diameter of cjlinden (17) 

Length of Btroke (24) . . 

Length of ports . . 

Width of Bteum porta 

Width of exhaust ports 

Between centres ox cylinders 

Between centres of valre spindles 

Diameter of piston rods • , 

Lap of valves 

Lead of valves 

Throw of eccentrics 

Diameter of bogie wheels (new) 

Diameter of coupled wheels (new) 

Total wheel base . • . . 

Diameter of boiler (inside) 

Length of boiler, between tube plates 

Diameter of tubes • • • . 

Number of tubes 164 

Working pressure of sleaui . . 130 lbs. 

Diameter of blast-pipo • 



ft. 

1 


ins 
5 


2 





1 


U 





1 



6 


2 



2 


10. 





2: 











Oi 



3 





5 
20 


9 


4 





10 



2 



H 



When working in tunnels the exhaust steam is dis- 
charged into the water tanks. 
Weight in working order : — 



On bog^e wheels 
On driving wheels 
On trailing wheels 



Total 



tons. 


owts. 


10 


17 


18 


1 


17 


12 


46 


10 



On journeys round the " inner circle " the author 
finds the number of booked stops is twenty-sev^n^ in 
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addition to wbicli there are always several due to sig- 
nals ; the distance is thirteen miles, and the time occu- 
pied in running sixty-eight minutes. The load hauled 
on all the circle trains and also over the gradients 
above mentioned is a train of nine coaches weighing 
from 75 to 87 tons empty. There are also a few local 
trains of five coaches running between High Street, 
Kensington, Putney Bridge, Earl's Court, Chiswick 
Park, and on the Hounslow branch. 

The entire stock of the Metropolitan District Com- 
pany, consisting of fifty-four engines and 350 car- 
riages, is fitted with the Westinghouse automatic 
brake, and it is a fact worthy of note that although 
constantly stopping trains this brake works without a 
single fault or delay being caused. 

The Company's locomotives undergo a general re- 
pair once in about two and a half years, and are prac- 
tically in constant work from one general repair to the 
next, one shed day in seven being the only time they 
are cold. 

The author finds the coal sheet to be remarkably 
good, considering the constant starting of trains, the 
heavy work, and severe gradients, the average con- 
sumption being less than 30 lbs. per mile. It must 
also be remembered that the entire railway consists of 
curves, there being hardly any straight road, and many 
of the curves are so sharp as to require check rails. 

The Great Eastern Company has several useful classes 
of express engine, in addition to those illustrated. Fig. 
79, namely the old ^'single" engines designed by 
Mr. Sinclair, and the large bogie express engines of 
the 602 class, having cylinders 18 X 26 and driving- 
wheels 7 feet 6 inches diameter. 



160 DEVELOPMENT OF THE LOCOMOTIVE. 

There is also the Coupled Compound Engine^ No. 
230, built by Mr. Worsdell. 

The Lancashire and Yorkshire Railway, having heavy 
gradients and frequent stoppages, requires engines of 
considerable power. That company, therefore, employs 
engines having a leading bogie, four coupled wheels of 
6 feet diameter, and cylinders 17^ X 26, also the 
latest class having cylinders 18 X 26 and 7 feet 3 
inches coupled wheels. 

The North British Bail way is also one requiring 
power : we therefore find bogie express engines with 
four coupled wheels of 6 feet 6 inches diameter and 
cylinders 18 by 26. 

On the Caledonian Railway several powerful engines 
are employed. Mr. Drummond has constructed bogie 
express engines with cylinders 18 by 26 and 6 feet 6 
inches coupled wheels, and engine No. 124 has 19 
inch cylinders. Boilers with various pressures from 
150 to 200 lbs. per square inch have also been tried 
upon this railway. 

The tank engines for working the passenger traffic 
between Liverpool and Birkenhead through the Mersey 
tunnel are of exceptional power, the gradient to be 
ascended being no less than 1 in 27 ; the engines of the 
No. 1 class have six coupled wheels of 4 feet 7 inches 
diameter and a trailing bogie, the cylinders are 21 
inches diameter and 26 inches stroke, the total weight 
of this engine being 68 tons. This great power and 
weight enable these engines to stop at any point within 
the tunnel, and start away with their trains upon the 
heavy gradient of 1 in 27. 

From the opening of the St. Fancras Station for the 
Midland Company's main line trains, in 1868, until the 
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year 1887, the whole of the express trains to London 
were worked by engines having four wheels coupled, 
but in that year Mr. S. W. Johnson designed and con- 
structed some engines having a '' single " pair of driv- 
ing wheels, 7 feet 4 inches diameter, cylinders 18 by 
26 and steam pressure 160 pounds. Two years later, 
1889, he designed a still larger class (see Fig. 84) 
having cylinders 18^ X 26, and 7 feet 6 inches 
wheels. 

Total heating surface 1,240 sq. ft. 

Pressure of steam . . . . • • 160 lbs. 

Weight on driviog wheels 17} tons. 

Weight of engine in average working order 43 tons. 
Weight of tender.. 30 „ 

Total 73 tons. 

Tender, water capacity 3,260 gallons. 

Fifty of these engines are now working between 
London and Leicester, London and Nottingham, and 
Liverpool to Marple, also between Bristol and Derby. 
The fact that engines of this type are working the 
main line express trains over the London line, having 
severe gradients (see Fig. 85), for instance, Irchester 
and 8harnbrook of 1 in 120, at high speed, and upon 
a coal consumption of 20 to 23 pounds per mile, is the 
most convincing proof of their great efficiency. 

Considering the loads, speed, and gradients, the work 
which has to be performed between London and 
Leicester is as hard or harder than any locomotive work 
in the country. Leaving London, the line rises for 
about 12 miles to Elstree, thence followed by a fall of 
1 in 200 for about two miles to Radlett, when the 
rise continues to Leagrave. The engine, therefore, has 
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practically a constant pull up 1 in 176, and 1 In 200, 
until it has run 33 miles, when the line falls to Bed- 
ford upon gradients of 1 in 2^00, and speed has to be 
reduced to 15 miles an hour passing that station, which 
is a bad beginning for the rise to Sharnbrook summit, 
which is the top of both the Sharnbrook and Irchester 
Banks, of 1 in 120. Having run down to Welling- 
borough, the up-hill work continues past £ettering to 
the Desborough North Box, which is at the summit of 
two banks, of 1 in 132, and from Market Hurborough 
up-hill work follows to the summit at Kibworth Korth 
Box, thence (with the exception of a dip at Glen) the 
line falls to Leicester. It will thus be seen that there 
are long lengths of 176, 120, 132, and at Eibworth a 
short length of 1 in 100. The Scotch trains now 
perform the distance, 99^ miles, with a load of 10| 
coaches, in 115 minutes. 

The Nottingham expresses are allowed 80 minutes 
between Kentish Town and Kettering, 70^ miles, or 
an average from start to stop of nearly 53 miles an 
hour ; and when riding in the trains the writer has 
very frequently timed the run in less than 78 minutes, 
and upon no occasion has he been a passenger when 
one of these engines has ever lost any time. 

The " Greater Britain," designed and constructed 
by Mr. Webb at Crewe, ran its first trip on the 4th 
November, 1891. 

The general principle of the design of the " Greater 
Britain " is identical with the other compounds. The 
high-pressure cylinders are 15 inches diameter, and 
the low-pressure cylinder is 30 inches diameter, the 
stroke in each case being 24 inches. As far as tractive 
force is concerned, the engine is said to be equivalent 
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to a non-compound locomotive having a pair of 21- 
inch cylinders Tvith a 2-feet stroke, the driving wheels 
being 7 feet 1 inch diameter. 

The special feature in the " Qreater Britain " is the 
design of the boiler, which has been made with a very 
long barrel to allow of both driving-axles being placed 
under it The tubes are divided into two lengths by 
a combustion chamber, those extending from the fire- 
box to the combustion chamber being 5 feet 10 inches 
long between tube-plates, while those forming the iront 
group are 10 feet 1 inch long. 



Fig. BO.— Mr. Webb's Latest Design of Componnd Enpne. 

Heating snrlace o( firebox 1206 aq. ft. 

„ „ combuBtion chamber . . 391 „ „ 

. „ „ tubes (front) .. .. 8S3-0 „ „ 

„ „ tubes (back) .. .. 19S-0 „ „ 

Total 1,605-7 sq. ft. 

PrsBSUre of ateam ITa lbs. per b^. incli. 

Weight of engine in working order . . 62 tons 2 cwta. 
Weight of tender 25 „ 

Total 77ton*2cwt. 
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Sufficient time has not yet elapsed for this engine to 
prove her cost of maintenance ; but^ so far, facts appear 
to show that the difficulties which attend '' compound " 
express engines have not yet been successfully over- 
come. 

The following particulars of the London and North- 
Western route show the gradients over which the 
engines work. 

Leaving Euston the line passes under the Hamp- 
stead Broad and immediately commences to rise upon 
gradients of 1 in 66, 1 in 110, 1 in 132, and 1 in 75 
to Camden. Having once overcome the Euston incline, 
the engine has before it a splendid run to Orewe. 
There are summits at Tring, Blisworth, Kilsby, Ather- 
stone, and Whitmore ; but with the exception of the 
rise near Whitmore, the engines upon either the up or 
down journey have practically to work throughout 
upon gradients of not more than 1 in 330, or 16 feet 
per mile. 

North of Crewe the gradients become more severe 
until, upon passing the 243rd mile-post, the engine 
commences to ascend long and severe gradients, and 
from Tebay to Shap-summit, a "bank engine** is 
employed to assist the trains up the incline of 1 in 75, 
after which the line falls to Carlisle. 

The most severe gradient is 1 in 75 going north, and 
1 in 95 between Carlisle and Shap travelling south. 
It is under consideration to make a tunnel and new 
line under Shap-summit. If this plan be carried out, 
both these severe gradients will be avoided. 

During the year 1891, and early part of 1892, thirty 
new express engines were built at the Swindon works 
of the Great Western Bailway from the designs of Mr. 
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William Dean, to take the place of the broad gauge 
engines on the 23rd May, 1892. 

The new engines are numbered from 3,001 to 3,030, 
and run upon six irheela, have double ft-ames, a single 
pair of driving wheels, 7 feet S inches diameter, and a 
pair of inside cylinders no less than 20 inches 
diameter (Fig. 87). 



Fig. ST. — Ut. Dean's Latest Deiig;ii. 

The chief dimensions of these splendid locomotives . 
being as follows : — 

Diameter of cylinden . . . . . . 20 ina. 

Length of stroke 21 „ 

Diameter of driving wheels . . . . 7 ft. 8 luB, 

The tractive force exerted for each pound of effective 
steam pressure per square inch In the cylinders being, 
therefore, thus — 



The steam pressure carried being 160 lbs. per square 
inch, anA the weight available for adhesion 19 tons, 
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ft 

it follows that the engines are capable of perfonning 
fast and very heavy work. The boilers of these new 
engines are provided with a dome, an advantage 
which the old engines (Figs. 44 and 54) did not have. 

DiBtance apart between ceDtres of cylinders . . 2 ft. 3 ins. 

Length of Doiler between the tube plates . . 11 ft. 9^ ins. 
Mean diameter of telescopic boiler inidde 4 ft. lU u^b- 

Kmnber of tabes 



Diameter of tabes (oatside) 
Piessore of steam . . 



Heating sorfacs of tabes 
Heating sarface of fire-box 



245 
Ifins. 
160 lbs. 

1,321-04 sq.ft. 
12S-88,, „ 



1,44402 „ 

Area of fire-grate 20*8 sq. ft. 

Length of wheel-base 18 ft. 6 ins. 

Weight of engine in working order- 
On leading wheels 13 tons 4 cwts* 

On driving wheels 19 ,, ,, 

On trailing wheels .... 



f> 



.. 11 


„ 18 


» 


Total 44 
.. 32 


„ 2 
« 


9f 

if 



Weight of tender full 

Grand totals engine and tender . . 76 „ 2 i. 

The tender runs upon six wheels^ and carries 2^ tons 
of coal, and 3,000 gallons, or 13 tons 7 cwts. and 96 
lbs., of water* 

It is an admitted fact that the '' battle of the 
gauges " has ended completely in favour of the narrow 
gauge ; however, now the Great "Western Company 
has made the change, it has given proof that it intends 
to have some of the Enest narrow-gauge express engines 
that can be constructed. When we see the fine new 
engines which Mr. Dean has built for the 4 feet 
8^ inch gauge, we cannot help feeling great regret 
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that Mr. Brunei did not devote his great skill and 
energy to the perfecting of the narrow-gauge engine, 
instead of introducing a wide gauge which has now had 
to be removed. 

The gradients upon the Great Western Railway 
between London and Bristol are, with two exceptions, 
extremely favourable. 

Leaving Paddington the line rises very gradually for 
about 11 miles to near Hayes, thence there is a decline 
of one in 1^716 ; from West Drayton to Swindon there 
is a very gradual rise, but the gradients are only about 
1 in 1,320, 1 in 660 being the most severe. 

Near to Dauntsey, there is about 1^ miles of 1 in 
100. and through Box Tunnel the gradient is also 1 in 
100, these inclines in both cases being against the up 
trains. From Box to Bristol the line falls upon easy 
gradients. 

The rise of 1 in 100 through Box Tunnel has often 
been described as the bite noire of engine drivers ; how- 
ever, it is not likely that they will be much troubled 
by engines " slipping '* when the driving wheels 
carry 19 tons and are provided with a good supply 
of sand. 

Already these new engines have proved beyond 
question that the broad gauge was a mistake, and that 
whatever has or can be done upon the wide gauge can be 
equally well done upon the 4 feet 8J inch gauge. 

Messrs. Sharp, Stewart & Co., of the Atlas Works, 
Glasgow, recently placed twenty new bogie express 
engines upon the Midland Bailway, built from Mr. 
Johnson's designs, Nos. 2,183 to 2,202 ; they have 
cylinders 18| by 26, 7-feet driving wheels, 4 coupled, 
and a steam pressure of 160 lbs. per square inch ; 
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they are also provided with the apparatus for warm- 
ing the carriages by hot water, now adopted by the 
Midland ; and for working local passenger traffic upon 
the same line a number of ** bogie " tank engines 
have been built, having four coupled wheels of 5 feet 
3 inches, cylinders 18 by 24, and a pressure of 140 lbs. 

The Great Southern and Western Railway Company 
of Ireland owns the main line extending from the 
Kingsbridge station, Dublin, to Queenstown, the 
distance being 177^ miles ; and it is by this route 
that passengers and mails are conveyed to and from 
Queenstown in connection with the American liners. 

The gauge of the Irish railways is 5 ft. 3 ins. 

For many years past the Great Southern and Wes- 
tern Company has built all its engines and rolling 
stock at its Inchicore Works, near Dublin. 

The latest express engine has inside cylinders, a 
leading bogie, and four coupled wheels. 



• 

Diameter of cylinders 


• • ff 


ft. ins. 
18 


Leng^th of stroke 


• • • 


. 24 


Diameter of coupled wheels 


• t • 


6 6 


Diameter of boiler 


• • • 


4 3 


Leugth of boiler barrel . . 


• • » 


9 9 


Diameter of tubes (outside) . . . 


• • • 1 


1} 


Length of tubes between tube plates 


• ■ t 1 


. 10 0{*e 


Length of fire-box 


• • « 


4 10 


Width of fire-box.. 


• • • 1 


3 11 


Height of fire-box above grate . . 


■ « • 1 


6 9 


Pressure of steam 


150 lbs. I 


>er sq. in. 


Number of tubes 


• . • • 


204 


Heating surface of fire-box 


• * • « 


112 sq.ft. 


Heating surface of tubes 


. . t . 


938 „ 


Total 


1 


1,060 „ 


Area of ^e-grate 


• • 


18J „ 



AN IRISH LOCOMOTIVE. 171 



Weight of engine in working order — 



On bogie wheels 
On driying wheels 
On trailing wheels 



• • 



■• • 



• • 



Total 



tons. 


owt. 


13 


11 


12 


17 


12 


16 


39 


4 


28 


6 



Weight of tender loaded 

Grand total .. .. 67 10 

The leading bogie is of the American swing-link 
pattern. The boiler and frame plates are of steel, and 
the motion plate is cast steel ; the two cylinders are 
cast together in one piece, and have the back covers and 
air passages for the vacuum brake cast in ; these pas- 
sages being in communication with the ejector, which 
is placed in the smoke-box, in front of the blast-pipe. 

The bearings of the small ends of the connecting- 
rods are iron, case-hardened, working on a case- 
hardened pin, this being the universal system of " little 
end '^ in use on the line. The four eccentric sheaves 
are cast in two pieces and put on the axle with four 
bolts ; no keys are used, but a small dowel secures the 
correct position of the sheaves. 

The tender runs on six wheels, and carries 2,700 
gallons of water and four tons of coal. 

The actual working upon the American mail and 
express trains between Dublin and Queenstown is as 
follows : — 

On weekdays the mail starts from Dublin at 7.40 
A.M., and arrives at Queenstown at 12.15 p.m. The 
time on the journey of 177^ miles is, therefore, 4 hours 
35 minutes, of which, however, 18 minutes are allowed 
at stations ; the average speed, including stoppages, is 
therefore 42*16 miles an hour, which is found to mean 
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an average running speed of 45 to 50 miles an hour. 
On Sunday the mail is run at a somewhat higher speed. 
The average load is equal to 9| six-wheeled coaches. 

tons. ewt. 

Weight of engine and tender 67 10 

Weight of 9} coaches 120 

Total weight of train 187 10 

The consumption of South Wales steam coal is from 
24 lb. to 26 lb. per mile with this load. The weight of 
train frequently exceeds this average^ and the engines 
are capable of working fifteen to eighteen vehicles 
without difficulty. 

The gradients are not considered severe^ with the ex- 
ception of the incline at Cork of 1 in 60, and at Dublin 
of 1 in 85. There are, however, several short lengths 
of 1 in 172, 180, 128, 140, and 151. 

The latest express engines for the Great North of 
Scotland Bailway have been constructed by Messrs. 
K. Stephenson & Co., and are required to run 4,000 
miles consecutively without showing any defects in 
material or workmanship, and they have just com- 
pleted this mileage to the entire satisfaction of the 
Great North of Scotland Railway Company. 

The engines are eight-wheeled, there being two 
pairs of coupled wheels 6ft. 6^ in. diameter and a four- 
wheeled bogie at the leading end, the bogie wheels 
being 3 ft. 9^ in. diameter. The engines have inside 
cylinders 18 in. in diameter and 26 in. stroke, the 
cylinders being cast together in one piece, the slide 
valves being placed on the top of the . cylinders, and 
driven by a link motion and rocking levers. This is a 
very neat arrangement, designed by Mr. Manson, and 
has given every satisfaction. The engines are fitted 
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with balanced slide valves^ also designed by Mr. Manson. 
The pressure on the back of the valve is relieved by a 
ring, which is held up to the casing door by a light 
tripod spring. 

This arrangement greatly reduces the wear and tear 
of the valves and gear, and since adopted on the Great 
North of Scotland Railway, engines have run 100,000 
train miles, the wear qf the slide valves being only -^^ in. 

The bogie is provided with the ordinary swinging 
arrangement, which enables the engine to pass round 
curves with perfect steadiness. The main frames, 
which are of steel, are set in at the front end to give 
sufficient clearance for the bogie wheels. The wheels 
are of wrought iron, and the coupled wheels have the 
balance weights forged solid. 

The boiler barrel and fire-box casing are of best 
Yorkshire iron, the internal fire-box and tubes being 
of copper. There are 1,087 square feet of heating 
surface in the tubes, and 106 square feet in the fire- 
box, giving a total heating surface of 1,193 square 
feet. The grate surface is 18 square feet ; the fire-box 
is fitted with sixteen copper air tubes, 3 in. external 
diameter. No. 7 w.g. thick, in two rows of eight in 
front and back, for conducting streams of air into the 
fire-box. This arrangement has been successfully used 
on the Great North of Scotland Railway for upwards 
of thirty years. 

The tender is carried on eight wheels, the four hind 
wheels being connected to the main frame of the 
tender, and the four front wheels are connected to a 
bogie of the same design and construction as the 
engine bogie. The tank carries 3,000 gallons of water 
and about three tons of coal. The weight of the 
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tender when loaded with ooal and water is 36 tons. 
These tenders are remarkable as being the only ones 
running on a bogie in this country. 

The Great Eastern Railway Company has just placed 
upon its line some powerful six wheels coupled tank 
engines, designed by Mr. James Holden, to work the 
very heavy suburban passenger traffic to and from 
Liverpool Street. In order to ascertain the work done, 
the author has ridden with some of the trains, and 
finds that the booked time from Liverpool Street to 
Enfield is 40 minutes, the distance lOf miles with 16 
stops. If each stop averages one minute, including 
stopping and starting, the actual running time is only 
24 minutes, equal to a speed of 27 miles per hour. 
This, it must be remembered, includes no allowance for 
speed orders, stoppages or slowages due to adverse 
signals, &c. These trains average 15 carriages, with a 
gross load of 250 tons. 

The cylinders are 16^ inches diameter, the stroke 
22 inches, and the coupled wheels 4 feet diameter, 
the tractive force being therefore — 

16J X 22 

= 124-7 lbs. 

48 

Total heating surface 959 sq. ft. 

Grate area 12*4 sq.ft. 

Weight of engine in working order — 

tons. cwt. qr. 

On the leading wheels 12 7 1 

„ driying „ 13 13 

„ trailing „ 13 19 3 

Total .. 40 
Capacity of tanks 1,000 gallons. 

These engines are working most satisfactorily, and 
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Iiave considerably reduced tbe consumption of coal per 
mile. 

For shunting purposes, and for vorking stnall branch 
lines, tank engines are usually employed. 



Fig. 88 illustrates a four-wheeled engine of the 
standard type manufactured by Messrs. Black, Haw- 
thorn and Co., of Gateshead ; and Fig. 89 illustrates a 
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more powerful engine which runs on six wheels, built 
by the same firm. The dimeneions are varied in 
accordance with the work required, but most generally 



the cylinders are about 15 inches diameter, and the 
stroke about 20 inches, the coupled wheels being 3 feet 
diameter. A small but at the same time a useful and 
very powerful engine is thus obtained. 



CHAPTER V. 

EIGHT- WHEELED COUPLED GOODS ENGINES. 

For some time past it lias been apparent that, with 
increased working expenses, some important step will 
have to be taken in order to increase the receipts per 
mile, especially of mineral trains. 

Many of the railways are so crowded with passenger 
traffic that it is only by running coal trains at a high 
speed that they can be " got along at all." Long 
lengths of goods lines have been within the past few 
years opened, and the question of increasing the length 
and reducing the speed of coal trains to London must 
very soon be seriously considered. In order that coal 
traffic can be made to properly " pay," it should be 
conveyed in train loads of fifty waggons. 

Messrs. Sharp, Stewart & Co., during the year 1889, 
placed two very powerful mineral engines upon the 
Barry Railway, the working of which has been care- 
fully watched and proves highly satisfactory. 

These engines run upon eight coupled wheels and 
have outside cylinders, and are of very considerable 
power. 

Diameter of cylinders 20 ins. 

Lengtli of stroke . . . . . . 26 „ 

Eight conpled wheels 4 f t. 3 „ 
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Total wheel-base 15 ft. 5 ins. 

The front axle has \ in. side play ; 
The hind axle has } in. side play ; and 
The driTing wheels are without flanges. 

Total heating sorfaoe 1,410 sq. ft. 

Areaofflre-giate • 22*6 ,, 

Weight of engine in working order without 

tender 49 tens. 



From personal experience, the author can testify to 
the efficient manner in which these engines do their 
work, and it may be added that they are remarkably 
like the American well-known " Camel " class which 
for years has done such good work in America. 

To Messrs. Sharp thus belongs the credit of intro- 
ducing in this country the eight coupled engine with 
outside cylinders, and to Mr. F. TV. Webb, of Crewe, 
in 1892, belongs the credit of introducing another 
eight coupled design but having inside cylinders. 

This new engine runs upon eight coupled wheels and 
has two inside cylinders. The boiler is of great length, 
being similar to that of " Greater Britain,*' illustrated 
Fig. 86, the tubes being divided into two lengths by a 
combustion chamber, those extending from the fire-box 
to the combustion chamber being 4 feet 10 inches long 
between tube plates, and those forming the front group 
being 8 feet 1 inch long between tube plates. The 
cylinders, which are inside, are 19^ inches diameter by 
24 inches stroke, the valves being on the top and 
worked with Joy's gear. The springs on the first three 
pairs of wheels are connected together by equalising 
links, the trailing pair having an ordinary cross spring. 
The leading and trailing wheels have ^ inch side play, 
which gives greater facility for running round curves. 
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Below are given a few leading particulars : — 

Cylinders — 19J in. diameter by 24 in. Btroke. 

ff. in. 

Diameter of wheels with. 3-in. tires . . . . 4 5^ 

Distance between centres of wheels . . . . 5 9 

Total wheel base 17 3 

Boiler — 

Length of barrel .. .. lo 6 

„ iire-box casing . . . . 6 10 

Diameter of barrel (mean) . . . . 4 3 

Number of tubes — 166 

Diameter of tubes . . . . . . 2^ 

Pressure of steam . . 160 lbs. per sq. in. 

Heating surface — 

Fire-box 114-7 

Combustion chamber 39*1 

Tubes (front) 683 

Tubes (back) 408-5 

Total .. .. 1,245-3 sq.ft. 

Grate area 20*5 sq. ft. 

Katio of fire-grate area to heating surface 1 to 60*6 

Weight of engine in working order — 

Tons. cwts. qn. 

Leading wheels .. ., .. 11 13 

Driving „ 12 14 

Intermediate,, .. .. .. 11 13 

TrailiDg „ 10 16 3 

Total .. .. 46 16 3 

Weight of tender in working order, 25 tons. 

The tractive co-efficient is 172. The leading and 
trailing wheels have a certain amoiuit of side play, 
so as to give greater facility for running round 
curves, though the total wheel base is not more than 
other engines which have not the same side play. 
The coupling-rod from wheel to wheel is complete in 
itself, and all of them are so arranged as to be inter- 
changeable. The driving-axle has two bearings as 
usual, nine inches long, and in addition a central 
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frame and central bearing to withstand the great stress 
placed apon it. The total bearing surface for the 
driving-axle is 23| square inches. 

Engines with eight coupled wheels are, of course, 
very common in Americai but Mr. Webb's new design 
is the first eight coupled and inside cylinders that 
has been built in this country, certainly during the 
past sixty years. The first of these powerful mineral 
engines is giving the greatest satisfaction on the Lon- 
don and North-western Railway, and there is every 
reason to believe that it will do so, as it has large 
cylinders, high steam pressure, and is non-compound. 



CHAPTER VI. 

AN AMERICAN ENGINE. 

It is usual for Englishmen to believe, and to take it for 
granted, that English engines are the best, and to 
ignore the fact that some very useful locomotives are 
at work in other parts of the world. The Exhibition 
at Chicago this year will undoubtedly form the greatest 
collection of locomotives which has ever been made, 
and already the details which have arrived in this 
country show that the Americans especially will have 
some extremely fine engines, both in the Exhibition 
and in daily working. It is, therefore, important that 
some brief reference should be made to them in this 
volume. 

The standard American passenger engine has a lead- 
ing bogie, four coupled wheels, outside cylinders, and 
the usual bar-framing similar to that at first used by 
Stephenson and Bury. Some extremely fine speci- 
mens of locomotive construction, for instance, are to 
be found on the Baltimore and Ohio Railroad. 

On the New York Central and Hudson River Rail- 
road the engines are built partly by makers, but the 
larger number are turned out at the Company's shops 
at West Albany. The following dimensions show 
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that the engines have very considerable size and 
power. 

The boiler has l>821'5 sq. ft. heating surface. The 
usual working pressure is 180 lbs. The cylinders are 
19 by 24 ins., and the driving-wheels are 7 ft. 0| in. 
diameter. 

The total weight of engine is 121,000 lbs., of which 
81,000 lbs. are carried on the drivers and 40,000 lbs. 
on the bogie. 

The tender weighs in service, 80,000 lbs. ; it carries 
3,587 galls, of water and 7 tons of coal. It is pro- 
vided with a scoop for taking up water from the track 
tanks without stopping. The total weight of engine 
and tender ready for service is thus 201,000 lbs. 

These engines are employed in running the ''Empire 
State Express '* between New York and Albany, the 
schedule time of the train being 52 miles an hour. 
From some indicator diagrams taken while the engine 
was running at the rate of 76 miles an hour, it appears 
that at that speed there was 1,120 h.p. developed. 
The usual train is four cars. 

The author has before him the particulars of a 
special run made on the 4th October, 1892, in which 
case another engine of similar design, with a tender 
weighing 201,000 lbs., and the weight of the train, 
592,700 lbs., a total of 793,700 lbs. The train con- 
sisted of five ordinary passenger cars and five sleeping- 
cars. The run from Albany to Poughkeepsie was 
made in 1 hour 17 minutes, the average rate of 
speed being 54 miles an hour. The wind at the time 
was heavy, blowing from the west. The steam pres- 
sure during the run was kept at 160 to 170 lbs. The 
speed maintained was certainly remarkable, considering 
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the weight of the train. Two other fast long-distance 
runs were made by the Empire State Express in 
December, 1892. In one instance it ran 115-75 miles 
in 110 minutes, 51*67 miles being made in 46 minutes, 
or at the rate of 67*38 miles per hour. In the second 
case the train made 101 miles in 96 minutes, 28*43 
miles being made in 25 minutes, or at the average 
rate of 68*23 miles per hour. In each case the train 
consisted of four cars and was hauled by an eight- 
wheel engine, with driving wheels 7 ft. J in. diameter. 

A two-cylinder compound engine has for some time 
been tried in America, and a few years ago one of the 
Webb compound engines was sent over from this 
country to America for use. However, the result of 
practii^ and perfectly fair tests is that the English 
engine was badly beaten. 

The Baldwin Works has recently designed and 
built a large number of engines known as the ** Vauclain 
compound." 

In this system there are two high and two low 
pressure cylinders, but as each pair of cylinders works 
upon the same cross-head there are only two sets of 
connecting rods. . 

Cylinders, h.p 13 X 24 ins. 

Cylinders, 1. p. 22 X 24 „ 

Boiler, form wagon top. 

,, diameter 4 ft. 10 ins. 

ff height from rail to centre line . . 7 „ 8 „ 

„ pressure 180 lbs. per sq. in. 

Fire-box (for hard coal) 11 ft. ins. X 3 ft. 6 ins. 

Grate area 38^ sq. f c. 

Tabes, number 250. 

„ diameter outside . . . . . . 2 ins. 

„ length lift. 10 ins. 

Heating surface, tubes 1,530 sq. ft. 

,, „ firebox . . . . . . 166 „ 

„ „ total 1,696 „ 

Height from rail to top of smoke-stack. • 13 ft. 5^ ins. 
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Capadtj of tender tank • . 


3,500 gals. 


19 n coal space 


7 tons. 


Driving wheels, diameter. . 


6 ft. 6 ins. 


Bogie wheels „ 


3 „ „ 


Tender wheelB ,, 


3„ „ 


Wheel base, driving to trailing . . 


.. 7„ 6„ 


„ ,, truck •• 


6„10„ 


„ „ total • • . • 


.. 22„3|„ 


Weight on driving wheels 


88,400 lbs. 


„ „ truck 


35,400 „ 


„ total 


.. 123,800 „ 


,, of tender •• •• 


82,000 „ 



Practical trials appear to prove that if compound 
engines are to be employed, the four-cylinder pattern 
is far better than those used in England : but it is 
still a question whether a " simple " engine with two 
cylinders of an equal area, or a four-cylinder high 
pressure engine would not give as good or even better 
results. 



MR. WINBY's DESIGN. 



This fact appears to have induced Mr. F. C. Winby 
to design an English engine to send to the Chicago 
Exhibition, and at the time of writing it is nearly 
completed at the well-known works of Messrs. R. & W. 
Hawthorn, of Newcastle. This vast locomotive will be, 
in fact, a combination of a McConnell " Bloomer '* and 
a Crampton " Liverpool." 

The engine runs upon a four-wheeled leading bogie, 
and two pairs of independent driving-wheels of 7 ft. 
6 ins. diameter. Two inside cylinders are placed under 
the smoke-box, 16| by 24 ; they actuate the first pair of 
driving-wheels. Two outside cylinders are placed behind 
the bogie wheels ; they are 17 by 22, and work the 
second pair of driving wheels. 

The total tractive force exerted by the four cylin- 
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ders upon the four wheels is therefore 143 lbs. for each 
pound of efEective pressure. 

The boiler is to work at a pressure of 175 lbs., but 
it is constructed to carry 200 lbs. if necessary. 

The boiler is of oval section in order that it may be 
placed between the tops of the driving wheels. 

Number of tubes 189. 

Diameter of tubes . . . . . . . . 2f ins. 

Length of tubes 16 ft. 

Heating surface of tubes . . 1,880 sq. ft. 

Heating surface of fire-box .. .. 138 ,, 

Total heating surface .. 2,018 ,, 
Area of fire-grate 28 „ 

Weight in working order will prob^.bly be — 

On bogie wheels 18 tons. 

On Ist driving wheels 19 }> 

On 2nd driving wheels 18 „ 



Total .. ..55 



ft 



The tender when loaded will be fully 45 tons, so that 
the engine and tender complete may be expected to 
weigh about 100 tons. 

The only means of knowing the capabilities of a new 
design of locomotive is by the actual results of its 
working ; at present, therefore, it is impossible to ex- 
press an opinion. Suffice it to say that Mr. Winby has 
designed, and Messrs. Hawthorn are constructing, the 
largest locomotive ever seen in England, and the fact 
that the engine uses high pressure steam in all the 
cylinders is a most important feature in its favour, and 
its construction is being watched both in this country 
and in America with the very greatest interest. 



CHAPTER VII. 

LOOOMOnVES OF THB UNITED KINGDOM — USEFUL 

RULES AS TO GBADEBRTS— CENTRE OF GRAYITT OF 

LOCOMOTIVE— SUNDRY APPLIANCES. 

LOCOMOTIVES OF THE UNITED KINGDOM. 



The following list, compiled by the author from 
official details, shows the locomotive engines possessed 
by each Company on the 31st December, 1891 : — 



London and North- Western . . 

Midland 

•GreatWe«tem 

North-Eastem .• 
Lancashire and Yorkshire 

Great Northern 

Great Eastern . . . • 

Caledonian 

North British 

Manchester, Sheffield, and Lincolnshiro 
London and South- Western . . 
London, Brighton, and South Coast 
Soath-Eastem .. ., 
Glasgow and South- Western . . 
London, Chatham, and Dover 

TaflVale 

Great Southern and Western Ireland 
Great Northern of Ireland 
North Staffordshire 



2,648 

2,020 

1,660 

1,660 

1,127 

907 

879 

690 

677 

Gd5 

670 

410 

378 

301 

201 

189 

178 

137 

134 



* The nmnber of Great Western engines is given as stated by the Compenv, 
but the author is of opinion that there ore a number of duplicates which have not 
been included. 
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Fumess 

Midland Great Western of Ireland 

North London . . 

Highland 

Great North of Scotland 

Metropolitan 

lUiymney 

Somerset and Dorset Committee 
Belfast and Northern Counties 

Cambrian 

Hull, Bamsley, and West Biding 
Metropolitan District . . 
Barry . • . . . . • . « • 
Dublin, Wicklow, and Wexford 
Waterford and Limerick 

Brecon aod Merthyr 

London, Tilbury, and Southend 

Maryport and Carlisle 

Newport and South Wales 
Belfast and County Down 
Cork, Brandon, and South Coast 
Wrexham, Mold, and Connah's Quay 

Mersey 

City and South London (electric) 
Severn and Wye 
Waterford and Central Ireland 
Seaham and Sunderland 
Hhondda and Swansea Bay 
West Lancashire 

Festiniog 

Isle of Wight 

Isle of Wight Central 

Midland and South- Western Junction 
Cavan, Leitrim, and Roscommon 
East and West Junction Committee . . 

Pembroke and Tenby 

w irrai «« •• •• •» •• 

Manchester and Milford 

South Wales Mineral . . 

Portpatrick and Wigtownshire Committee 

Londonderry and Lough . . 

Waterford, Dungarvan, and lismore 

Clogher Valley 

Cleator and Workington Junction 

Neath and Brecon 

Ayrshire and Wigtownshire . • 
Dundalk, Newry, and Greenore 
Sligo, Leitrim, and Northern Counties 

Burry Port 

Colne Valley and Halstead 
Llanelly and Mynydd Mawr . . 



123 

111 

104 

85 

77 

71 

66 

61 

61 

69 

56 

54 

53 

51 

42 

30 

30 

27 

24 

20 

16 

16 

15 

14 

13 

13 

11 

10 

9 

9 

8 

8 

8 

8 

7 

7 

7 

6 

6 

6 

6 

6 

6 

6 

5 

5 

5 

5 

4 

4 

4 



188 



DEVELOPMENT OF THE LOOOUOTIVE. 



Cork and Hacroom 








Waterf ord and Tramord 








Cork and Hiukerrj 








Tralee and Dingle 








WertCarberry 








Wert Clare 








Gorris 






3 


Liakeard and CanuLon 






3 


North Wales (narrow gangs) . . 






3 


Redroth and Chaaewater 






3 


BallycaaUe 






3 


Cork and Blackrock 






3 


Finn Valley 






3 


Lirtowel and Ballybnnion 






3 


Bishop's Castle 






2 


Eart Cornwall 






2 


Garstang and Knot End 






2 


Glyn Valley 






2 


Mawddwy 






2 


Merrybent and Darlington 






2 


Bayenglass 






2 


Snailbeach District 






2 


South wold 






2 


TallyUyn 






2 


Van . 






2 


West Somerset 






2 


Bessbrook and Newry (electric) 






2 


Timoleagtie 






2 


Easinewold 

Gorsedda Junction, Portmadoo 














Milford Haven 








St. Anstell 








Sanndersfoot Bailway 








Storksbridge 








TOTALS. 


England and Wales 14,314 


Scotland 1,841 


j.r6ian(i •• •• •• •• •• • 

Total engines in the United Kingdom on 31 


706 


Bt 


December, 1891 . . ... 


t t 


• • 


. 16,860 
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rSEFUL RULES RELATING TO GRADIENTS. 

The vis viva of a train moving at any given speed 
is equivalent to tlie raising of the train to the height^ 
by falling through which it would attain that velocity, 
and this is true whether the train is raised vertically 
(if it were possible), or by running it up an incline 
assuming friction as nil. 

Therefore when a train runs up an incline, the engine 
has not only to overcome the resistance on the level, 
but also to raise the train to a certain height. 

An incline of 1 in 200, for instance, is a rise of ^^^^ 
= 26-4 feet per mile. To find the work done (in foot 
tons) in lifting a train of 200 tons through the vertical 
height of 26*4 feet, it is necessary to multiply the 
height by the weight, thus, 200 X 26-4=4,280 foot tons. 

The rates of inclinations of gradients are also con- 
veniently expressed as percentages, which represent 
the force of gravity acting on different inclines — 1 in 
200 being expressed as a gradient of 0*5 per cent. ; 
1 in 100 as 1 per cent.; and 1 in 50 as 2 per cent. 

In this country, it is still the practice to express 
gradients in their proportion or ratio to 100, but in 
America, as in many other parts of the world, gra- 
dients are always given in proportion to their rise 
per mile. To find the rise in feet per mile for any 
given incline, it is only necessary to divide the feet 
in a mile (5,280) by the gradient to one ; thus in a 
case of 1 in 264 we have 

5,280 

= 20 feet per mile. 

264 ^ 

When, therefore, the English engineer speaks of 1 in 
264, the American engineer refers to it as "a 20-feet 
grade." 



Oradient 


Equal rise in 


Gmdient 


to 100. 


feet per mile. 


to 100. 


1 in 2,000 


2-64 


1 in 166 


„ 1,000 


6-28 


ff 132 


„ 600 


10-66 


„ 120 


„ 400 


13-2 


>» 100 


„ 300 


17-6 


» 88 


„ 264 


200 


» 70 


„ 220 


240 


,f 50 


» 200 


26-4 


„ 37 
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* 

The following table gives the same inclinations 
expressed by the two methods : — 

Equal rise in 
feet per mile. 
320 
400 
44*0 
62-80 
600 
76-42 
106-6 
142 7 

CENTRE OF GRAVITY OF LOCOMOl'IVE. 

The horizontal centre of gravity of either a bogie or 
six- wheeled engine should be a few inches in front of 
the centre of the driving axle. To find this point, 
multiply the weight resting upon the leading wheels 
(or leading bogie^ if one be used) by the distance in 
feet from the centre of the driving axle. Multiply 
the weight upon the trailing wheels by distance in 
feet from the driving axle. Find the difference, 
which divide by the total weight of the engine in 
tons ; the quotient is the horizontal distance in feet of 
the centre of gravity from the driving axle in the 
direction of the axle carrying the greater weight. As 
an example, if an engine weighs 41 tons 13 cwt. 2 qrs. ; 
on leading wheels, 14 tons 6 cwt. ; on trailing wheels, 
12 tons 16 cwt. 

14*3 tons X 10 ft. (for leading end of engine) •• 143- ft-tons 

12*8 tons X 8 ft. 6 in. (for trailing end of engine) .. 108*8 ft.-tonB 

The difference (34-2), divided by the total weight of 
the engine (41-68), = -82 of a foot. Therefore the 
centre of gravity of the engine is -82 ft., or 9J in. in 
front of the driving-axle. 

When a locomotive is running, that portion of the 
tread of the tire which is in contact with the rail at 
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any instant of time is at rest, while the corresponding 
point on the flange on the same radius is moving 
in the opposite direction*to that at which the train is 
running. The speed being 60 miles an hour, or 88 ft. 
per second, and the diameter of the wheel over the 
tread 6 ft., and over the flange 6 ft. 2 ins., the point in 
the flange will move backwards at the rate of 1*59 
miles per hour. 

THE STEAM SAND-BLAST. 

Every engine-driver is weU aware that for fast run- 
ning, easy riding, and economy both in coal and 
repairs, nothing can equal an engine having a '^ single " 
pair of driving wheels. On the other hand practical 
experience has taught them that for heavy trains run- 
ning upon steep gradients, it is absolutely necessary 
to employ engines having four coupled wheels, in 
order to obtain the required amount of adhesion, or, as 
the drivers say, " to tie their legs together." 

The useful work which an engine is capable of per- 
forming is, of course, limited by the co-eflBcient or pro- 
portion of adhesion which exists, or can be created, 
between the driving wheels and the rails ; in other 
words, as soon as the effect of the steam in the cylinders 
produces a tractive force greater than the adhesion, 
" slipping ** is the result. In ordinary practice the 
co-eflicient of adhesion is found to be equal to one- 
sixth of the weight resting upon the driving wheels 
expressed as an adhesion of 16*66 per cent., or as an 
adhesion of 373*3 lbs. per ton. 

. If the rails be perfectly clean and dry, the adhesion 
is increased ; if perfectly wet, it is but little reduced. 
A slight shower of rain, misty weather, and greasy 
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rails will often reduce it to about 280 lbs. per ton ; and 
in frosty or snowy weather the writer proved by a 
series of practical experiments that the adhesion became 
as low as 160 lbs. per ton. It is, therefore, not a matter 
of surprise that such « serious loss of adhesion should 
cause a considerable amount of " slipping.'^ To over- 
come the difficulty the ordinary method of sanding the 
rails is by means of sand-boxes and pipes which 
allow sand to run down on to the rails, and in practice 
it is found that a considerable quantity of sand is used, 
but a large proportion of it does not fall on the rails, 
and a further quantity is blown off the rails by the 
wind : consequently the ordinary sanding arrangement 
is very inefficient and unsatisfactory. 

One of the mostimportant improvements in locomotive 
engineering is therecent introduction by Messrs. Holt and 
Gresham of their steam sand-blast (Figs. 90 and 91). 

The general arrangement is shown (Fig. 90), as fitted 
to some of the Midland Company's engines of the 
1,480 and 1,500 classes. By means of a handle, 
" A,*' steam can be admitted to the sand-ejector, " C,'* 
thus drawing a small supply of sand from the sand-box, 
'^ B,*' and projecting it in a powerful and constant 
sand-blast to the point of contact between the wheel 
and the rail. Fig. 91 shows the apparatus in detail, 
and it will be observed that the sand falls into the 
sand trap, and is then carried down in a fine jet by 
the inrush of air caused by the steam ejector. 

THE INJECTOR. 

In the early days of railways the boilers of the loco- 
motives were supplied with water by means of force- 
pumps worked by hand-levers ; afterwards the pumps 
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were worked by either eccentrics or rods attached to 
the cross-heads, and on the London and South- Western 
Railway an independent donkey pump was employed to 
feed the boiler^, and at the present time some of the 
Brighton Company's engines are fed with water by 
means of a water pump, working in connection with 
the Westinghouse air brake pump. 

Many of my " locomotive *' readers will remember 
the time very well when engines had two pumps, and 
in order to supply water to the boiler it was necessary 
to run several times backwards and forwards for about 
a quarter of a mile to fill up the boiler. 

They will also, no doubt, well remember seeing 
*' single " wheeled engines standing in the sheds, with 
their tender brakes hard on, slipping upon oiled rails, 
in order to pump water into the boiler. 

In July, 1858, Mr. H. J. Giffard, a French engineer, 
took out a patent for the " Injector " ; he had disco- 
vered that the motion imparted by a jet of steam to a 
surrounding column of water was sufficient to force it 
into the boiler from which the steam was taken, and 
even into another boiler having a higher pressure. 

When Mr. Gifiiird tried to introduce his new injector, 
locomotive engineers laughed at him ; he was told to 
read about the first rules of motion, and that he must 
be mad to suppose that steam from one part of a boiler 
could force its way back into another part of the same 
boiler ; he could not even obtain authority to try an 
injector on a locomotive till 1859, and then he was only 
granted permission as a favour and with a view to "let 
him prove his idea would not work," and thus put a 
stop to his constant letters and applications. 

However, the injector worked successfully, and the 

o 
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water entered the boiler, but even then people would 
not believe it. 

Mr. Giffard explained that the action of his injector 
was similar to that of the blast-pipe in a locomotive : 
the rush of steam in that case formed a partial vacuum 
into which air was forced by the atmospheric pressure 
of about 15 lbs. per square inch. 

To explain his theory Giffard took a pressure of 100 
lbs. per square inch, and showed that a column of water 
2 3-10 feet high presses upon its base with a force of 
1 lb. per square inch, therefore 100 lbs. pressure is equal 
to a pipe of water 230 feet high. 

Water from the bottom of a pipe 230 feet high would 
rush out at a speed of 121| feet per second, that is equal 
to no less a pace than 83 miles an hour. 

Let it be clearly understood that a boiler having a 
pressure of 100 lbs. per square inch is just balanced by 
a jet of water rushiog at 83 miles an hour : it then be- 
comes certain that to overcome the steam in the boiler 
it is only necessary to increase the speed of the water to 
above 83 miles an hour, and the water will force itself 
into the boiler. 

It is a well-known fact that the steam pressure in 
the valve-chest of a locomotive is actually greater than 
it is in the boiler, this being due to the momentum with 
which the steam rushes past the regulator and down the 
steam pipe. 

In the same manner the velocity of the steam rush- 
ing through the injector is so great that it not only has 
force enough itself to rush back into the boiler, but also 
carries the water with it, 

Giffard's patent has long since expired, and injectors 
are now made by various firms, principally by Messrs. 
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Gresham and Craven, who tave upwards of 100,000 of 
their construction of injector in use. Fig, 93 illustrates 
the foot-plate of a. locomotive, showing the position of 
Qresham's combination injectors. 

Fig. 93 illustrates a section of the appliance, the 



steam valve, back pi-essure valve, stop valve, and regu- 
lator being plainly shown. 

The following are the instructions for working the 
Gresham combined injector : — 

{1) Open the water cock and turn on eteam ; 
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(2) If there is any overflowy close the water regula- 
tor until it ceases. The injector is then at work. The 
water cock should be kept closed when the injector is 
not at work. 

The water pipe can be drained to prevent freezing 
by closing the tender valve and opening drain cock 
fixed on water pipe. 

Should steam be blown into the tender through the 
injector, the water pipe must be drained to clear it of 
hot water. 

The back pressure valve must be kept ground tight 
upon its seat. This can be done, or the whole of the 
cones can be removed if required, whilst the boiler is 
under steam by first closing the stop valve. 

It is well known to engine-drivers that injectors will 
not work with very hot water, and in practice it is 
not advisable for the water in the tender to be heat^ 
to above 120 deg. 

Having thus considered the theory of the injector^ 
we now turn to its practical results; the annexed 
table shows the sizes 7 to 10 which are in general use 
on locomotives, and the number of gallons of water 
which each will supply per hour at pressures of from 
100 to 180 lbs., and of course if the quantity per 
minute is required it is only necessary to divide the 
gallons by 60. 

Table oitino the Size amd Deliyeuy of Combination 

Injectous. 
boilk& peb86uke in lb». pell 8(1x7 a&e inch. 

BiMOf 

laJeotor 100 110 1^20 130 140 150 160 170 175 ISO 
iaMilli- 
meteefi. dbliteuy in gallons per hour at above prbssurbe. 

7 .. 970 1,020 1.060 1»110 1,150 1,190 1,225 1.255 1,265 1,275 

S . . 1,270 1,330 1,390 1,450 1,500 1,550 1,600 1,640 1,655 1,670 

9 . . 1,610 1,680 1,760 1,830 1,900 1,970 2,030 2,080 2,100 2, 120 

U> . . 1,980 2,080 2,170 2,290 2,350 2,430 2,500 2,560 2,585 2,610 
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VALVE GEAK. 

Reference has been made to several forms of valve 
gear^ for instance, those described at pages 45, 62, and 
Howe's celebrated link motion (page 87). Whatever 
form of gear is employed, when the driver " reverses " 
the engine he moves one of the valves so as to open 
either the front or back port at pleasure. Now let us 
trace the action of the steam. Upon the regulator 
being opened, steam rushes from the dome or steam 
pipe down to the valve chest, where in consequence of 
the "lead" the valve is about one-eighth of an inch open 
when the crank is upon the dead centre (the two 
cranks are always made at right angles, so that one is 
in a position to pull the other past its dead point). 
The steam having entered past the valve, rushes into 
the cylinder, and the period of " admission " com- 
mences ; the steam having forced the piston forward 
for a distance of let us say eight inches, the valve 
closes and no more steam is admitted ; this is known 
as ** cut off" or point of " suppression " ; and for the 
next part of the stroke the piston is not forced by 
fresh steam from the boiler, but by the " expansion " 
of the steam which is imprisoned in the cylinder. 

We will now suppose that "expansion" has done 
it6 work, and that the piston has been forced, say to 20 
inches : the period of " release " then arrives, when the 
inside of the valve opens the port and permits the steam 
which has done its work to rush from the cylinder, 
through the inside of the valve to the exhaust port, 
and then up the blast-pipe and out of the chimney. 
The " lead " of the valve causes it to open before the 
piston arrives quite at the end of its stroke; thi» 



198 DEVELOPMENT OF THE LOCOMOTIVE. 

serves two good purposes^ first to form a cushion to 
redace the force of the advancing piston, and secondly 
to enable steam to be entering the cylinder early, ready 
for the next stroke. 

An express engine having wheels of 7 feet dia- 
meter, or 22 feet in circumference, passes over 88 
feet, or four revolutions per second, when running at 
sixty miles an hour ; thus in one second of time, there 
must be "admission," "cut off" "expansion," "ex- 
haustion," and " compression," no less than four times 
from each end of the cylinder, or a total of sixteen 
" beats " or exhausts of steam up the chimney per 
second. 

It is not necessary to tell engine-drivers that which 
they know perfectly well — ^namely, that to save steam 
and consequently coal, they, by carefully regulating 
the valve-gear and " cutting-o£E " the admission of 
steam to the cylinder as early as possible, can get 
the greatest amount of work and expansion out of 
the imprisoned steam in the cylinder. 

joy's valve gear. 

Fig. 94 illustrates Joy's valve gear, as fitted to a 
large number of engines. 

The fundamental principle of this gear is that eccen- 
trics are entirely dispensed with, valve motion being 
obtained from a point in the connecting-rod, produced 
by a combination of two motions at right angles to each 
other, and by the various proportions in which these are 
combined, and by the positions in which the moving 
parts are set with regard to each other, it gives both 
the reversal of motion and the various degrees of 
expansion required. By utilising independently the 
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backward and forward action of the rod, due to the 
reciprocation of the piston, and combining this with 
the vibrating action of the rod, a movement results 
which is suitable to work the valves of engines allowing 
the use of any proportions of lap and lead desired, 
and giving an almost mathematically correct ** cut off " 
for both sides of the piston, and for all points of expan- 
sion intermediately. 

It will be observed (Fig. 94) that the main valve- 
lever is pinned to a link, one end of which is fastened 
to the connecting-rod, and the other end maintained 
in about the vertical position by a radius rod, which 
is fixed to the frame near to the leading axle. The 
centre or fulcrum of the valve-lever partaking of the 
vibrating movement of the connecting-rod, is carried 
in a curved slide. 

From the upper end of the valve-lever motion is 
communicated direct to the valve by the valve-rod. 
It will thus be evident that by one revolution of the 
crank the lower end of the valve-lever will have 
imparted to it two different movements, one travelling 
in length in consequence of the stroke, the other up 
and down in consequence of the revolution of the 
crank, these movements differing as to time, and cor- 
responding to the part of the movement of the valve 
required for lap and lead, and that part constituting 
the port opening for admission of steam. 

The former of these is constant and unalterable, the 
latter is controllable bj' the angle at which the curved 
slide may be set by the driver. Fig. 95, p. 200, shows 
the actual opening of the valve and the cut-off for the 
various positions of the reversing gear screw or lover 
on the foot-plate. 
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CHAPTER VIIL 

LOCOMOTIVE DEVELOPMENT IN 1893 AND 1894. 

Although (under the circumstances already referred 
to in the Preface) there is for these two years little 
" development of the locomotive," properly so called, to 
be recorded, some brief notes are given describing what 
progress has been made. 

The latest express engines upon the North-Eastern 
Railway have a leading bogie and four coupled wheels. 
They are non-compound, and when running with the 
express trains between Newcastle and Edinburgh give 
very great satisfaction. 

The Glasgow and South-Western express engines — 
as shown in Fig. 69, p. 122 — had no dome on the 
boiler ; the Company has now improved the efficiency 
of its engines by adopting the use of a steam dome. 

The Midland Railway Company, at the Derby works, 
has continued to build 7 feet 6 inch " Single " express 
engines similar to that shown in Fig. 84 (p. 161), as well 
as coupled engines, with wheels of 6 feet 6 inches, for 
the most severe gradients. 

At Crewe, the London and North- Western has con- 
structed more engines of the " Greater Britain " design 
(Fig. 86, p. 165), and also some of the same class with 
wheels only 6 feet diameter. 

The Great Western engines, Nos. 3,001 to 3,030 
(Fig. 87, p. 167), are now gradually being sent to the 
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Swindon works to have a four-wheeled leading bogie 
placed in front, to supersede the pair of leading wheels ; 
and the cylinders are being reduced from 20 inches to 
19 inches. Mr. Dean's latest design is the '* Armstrong," 
No. 7, which has a leading bogie, four 7-feet coupled 
wheels, and cylinders 20 inches X 26 inches. (See 
Fig. 96.) 

The eight-wheeled mineral engine of the Lopdon and 
North -Westem-^-of which mention is made at page 180 
— has worked with great success, and Mr. Webb has 
built another engine of the same pattern, but compound, 
in order to test the two in daily traffic. 

The large " Winby " engine, described on pp. 184-5, 
and specially designed for exhibition at Chicago, 
naturally engaged much attention^ in America ; but 
when put into regular working it failed to supply 
sufficient steam to its four cylinders. 

Messrs. Sharp, Stewart & Co. have just completed Sti 
order for twenty-six passenger engines for the Midland 
and Great Northern Joint Railway, which in construc- 
tion are very similar to the Midland coupled engines, 
but in external appearance they are distinguished by 
being painted yellow. 

The latest construction of tank engine • for work- 
ing through the Mersey Tunnel has outside cylinders 
19^ inches X 26 inches, and six coupled wheels of 4 
feet 7 inches diameter, and also a small pair of wheels 
with radial axle boxes at each end of the engine. 

The year 1893 will long be remembered in locomo- 
tive history on account of the very complete record — 
forming an exhibit as remarkable for its vast extent as 
for the interest of its details — which was placed in the 
Transportation Department of the Chicago Exhibition, 
showing the history and development of the locomotive. 
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step by step, in every country in the world. Numerous 
modern engines were there as parts of the exhibit, 
while older and disused forms of the locomotive were 
represented either by full-sized models or by diagrams, 
of which there were a very great number. Some idea 
may be formed of the number of these diagrams when 
it is mentioned that the author, acting simply as a 
representative for Great Britain, was able to forward 
a. collection of over one thousand photographs, working 
drawings, or other illustrations of engines constructed 
for railways in this country. 

One interesting old relic in the Exhibition was the 
old engine — named " Stevens " when constructed, but 
re-named "John Bull" immediately upon its arrival 
ia America — which as long ago as 1831 was built by 
R. Stephenson & Co., of Newcastle-upon-Tyne, and for- 
warded to the United States for use on the Camden and 
Atnboy Railroad. This old engine has shown such 
" staying power,'' and has been so well preserved in 
working order, that at the commencement of the Exhi- 
bition it ran in steam with its train from New York to 
Chicago, a distance of 913 miles — a remarkably good 
performance for an engine sixty-two years of age. 

When visiting the shops of the Pennsylvania Rail- 
road at Altoona, in 1893, the author witnessed the com- 
mencement of six large express engines known as design 
P, No. 1,659 class. They have a leading bogie, four 
coupled wheels of 6 feet 6 inches in diameter, cylinders 
19 inches x 24 inches (placed outside), and a boiler, 
pressure of 175 lbs. per square inch. The boiler is no 
less than 4 feet 9 inches in diameter, and the height 
of the engine from the rail to top of chimney is 15 feet. 
It is not surprising to learn that engines of such size 
and power are working the Pennsylvania Company's 
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heaviest and fastest trains between New York and 
Philadelphia with great success. 

Ordinary passenger trains in our own country do not 
require the construction of engines with more than four 
coupled wheels. However, the steepness of g^radient 
over many sections of American lines, together with 
the immense weight of train, renders it necessary to 
employ for some passenger trains vast engines having 
a four-wheeled leading bogie and six coupled wheels of 
6 feet diameter. This being a development of locomo- 
tive power which the author had not previously been 
able to personally examine, it naturally engaged his 
careful attention, and he was glad to have the oppor- 
tunity, when visiting the celebrated Baldwin Works, 
of observing several of the engines in course of con- 
struction. He was able also to watch their working 
when travelling on the foot-plate. 

The ** Vauclain " compound engines (described in a 
previous chapter, page 183) were likewise examined, 
and when riding upon them between Philadelphia and 
Jersey City, and between Camden and Atlantic City, 
the author timed 10 miles together at a speed of 80 
miles an hour, and a few miles at 81*8 in the hour. 

For a long distance journey it is interesting to note 
the working of the Empire State express on the New 
York Central road, which leaves New York at 8.30 a.m. 
and arrives at Buffalo at 5.10 p.m. — a distance of 440 
miles in eight hours and forty minutes, including four 
stoppages. The same train makes the longest run 
without a stop, either in America or in the world, 
namely, 143 miles. Although extremely heavy, and 
requiring some very hard locomotive work, it was 
found by the author to keep most perfect time, cover- 
ing many miles in exactly 44 seconds each. 
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ing Materials. — Riveted Joints in Boiler Plates.— Boiler Shells — Wire 
Ropes and Hemp Ropes. — Chains and Chain Cables.— Framing. — Hardness 
OF Metals, Alloys and Stones. — Labour of Animals.-:-Mechanical Prin> 
ciPLBS. — Gravity and Fall of Bodies. — Accelerating and Retarding 
Forces. — Mill Gearing, Shafting, etc. — Transmission of Motive Power.— 
Heat.— Combustion : Fuels. — Warming, Ventilation, Cooking Stoves.— 
Steam. — Steam Engines and Boilbrs.—Railways— Tramways— Steam 
Ships. — Pumping Steam Engines and Pumps.— Coal Gas, Gas Engines, etc.— 
Air in Motion. — Compressed Air.— Hot Air Engines. — Water Powbk.,-* 
Spbbd of Cutting Tools.— Colours.— Elsctrical Engimbbeing. 

%* Opinions of the Press. 

"*' Mr. Gark manifests what is an innate perception ot what Is likely to b« tise'UI in a pocket* 
book, and he is really unrivaaed in the art of condensation. Very frequently we find the informa- 
tion on a given subject is supplied by Irving' a summary description of an experiment, and a state- 
ment of the results obtained. There is a very excellent steam table, occupying five and-a-half 
pages ; and there are rules given for several calculations which rules cannot be found in other 
pocket-books, as, for example, that on page 407, for getting at the quantity of water ia the shape 
of priming in any kaown weight of steam. It is very difficult to hit upen any mechanical engineer- 
iag subject concerning which this work supphes no inrormation. and the excellent index at the end 
adds to its utility. In one word, it is an exceedingly handy and efficient tool, possessed of which 
the engineer will be saved many a wearisome calculation, or yet mora wearisome hunt through 
various text-books and treatises, and, as su Ji, we can heartily recommend it to our readers, 
wko most not runaway with the idea that Mr. Clark's Pocket-book is only Molesworth in another 
form. On the contrary, each contains what is not to be found in the other ; and Mr. Clark takes 
■tore room and deals at more length with many suojects than Molesworth possibly could." 

T/u Engineer. 

*' It would be found difficult to compress more matter within a dmilar compass, or produce a 
book of 650 pages which should be more compact or convenient for pocket reference. . . . 
Will be appreciated by mechnaical engineers of all classes."— TVacf^a/ Engineer. 

** Just the kind of work that prmctical men require to have near to them."— J?Mr/<(A BiechamU 

b 
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MR. HUT TOH'S PRACTICAL HA NDBOOKS. 

Handbook for Works' Managers* 

THE WORKS' MANAGER'S HANDBOOK OP MODERN 
RVLB5, TABLES, AND DATA. For BngiDeen, Millwrichts, and Bofler 
Makers; Tool Makers, Machinists, and Metal Workers; Iron and Brass 
Founders, ftc. By W. S. Hutton, Civil and Mechanical Engineer, Author 
of "The Practical Engineer's Handbook.'* Fourth Edition, carefully Re- 
vised and partly Re-written. In One handsome Volume, medium 8vo, 
price ist. strongly bound. 

•^ Tm Author Having compiled RuUt and Data for hi* own me in a grea$ 
wariety of modem engineertng Wdrk, and having found hit notes extremely meful^ 
decided to publish them—reviud to date-^believtng thai a practical worh, suited to 
the VAiLr BKQUiKKMSMTS OF MODBRM KHcxiiEXRS, would be favourobly received. 
In the Fourth Edition the Fust Section has been re'Written and improved by the 
addition of numerous Illustratiotts and new matter relating to Steam Engines and 
Gas Encimbs. The Second Section has been enlarged ana Illustrated, and through- 
out the book a great number of emendations and alterations have been made,with the 
cbject o/rtndertng the booh more generally useful, 

%* Opinions of thb Press. 
**Th« aallMff IvMts cvtry niDject from the pdnt of tIcw of one who has coBected votkshop 
M far appUcation in workshop practice, lather thaa from the theoretical or Btcrary aqtect. The 
volmnecootaliisagicatdealof that kind of infoiiiiatiaB which ii sainad oo^ by practical eiqperi' 
SBca, and is seidoin written in hocki."~^Et^inMr, 

"The Tohune is an exceedingly ttsefnl one, brtanlbl with engfneeti* nc/tes, memofanda, and 
nlei^ and wtH worthy of being on every neclianical eogineer's booicshalL"— if«rAaf»&»/ World. 

" The information is precttely th^t likely to be required in practice. . . . The work forms a 
desirable addition to the library not only of the works' manager, but of anyone connected with 
seneral y^g ftM^H^ g . "^—Min ittF yfiufftal, 

*'A temidable mass of facts and 6gnrei; nadfly accessible throagh an daborate faidex 
• • . . Such a TOlume will be found absolutely necessary as a book M reference in all sorts 
of 'works 'connected with the metal trades."— A>Z«N<f'x/r0M Trades C^nOar. 

** Brimfid of useflil information, stated in a concise form. Mr. Hutton's books liSTe met a press* 
tag want among engineers. The book most prove e« ti eme|y niafiil to every practical asaa 
pnieaarlng a copy.**— /y«rA«a/ Enginter. , 

New Manual for Practical Engineers. 

THE PRACTICAL ENGINEER'S HAND-BOOK. Comprising 
a Treatise on Modern Engines and Boilers : Marine, Locomotive and Sta- 
tionary. And containing a large collection of Rules and Practical Data 
relating to recent Practice in Designing and Constructing all kinds of 
Engines, Boilers, and other Engineering work. The whole constituting a 
comprehensive Key to the Board of Trade and other Examinations iorCert)* 
ficates of Competency in Modern Mechanical Engineering. Bv Walter S. 
HuTTON, Civil and Mechanical Engineer, Author of ** The Works* Manager's 
Handbook for Engineers," &c. With upwards of 370 Illustrations. Fourth 
Edition, Revised, with Additions. Medium 8v0| nearly 500 pp., price zSs. 
Strongly bound. 

1^ This worh is designed as a companion to the Author's "Wores^ 
Managbr*s Hand-booe." It possesses many new and original features, and con- 
tains, like its predecessor, a quantity of matter not originally intended for publico- 
tion. but collected by the author for his own uuinthe construction of a greai varied 
0/ Modern Engineering Wore. 

The information is given in a condensed and concise form, and is illustrated by 
upwards of 370 Woodcuts } and comprises a quantity of tabulated matter of great 
value to all engaged in designing, constructing, or estimating for Engines, Boilers, 
and OTHER Emgimbbring Wore. 

%* Opinions of thb Press. 
" We have kept It at hand for several weeks, referring to it as occadon arose, and we are net 
im a single occasion consulted its pages without finding the information of which we were in quest. 

—At/UMOUfft. 

" A thorooghhr good practical handbook, which no cngfaieer can go through without learning 
tomethli^ that will be of service to ium."^Maririe Engineer. 

" An excellent book of rtference for engineeis, and a valuable text-book for students off 
engineering. "Stotsman. 

" This valuable manual embodies the results and experience of the InaiUng authorities o» 
mechanical engineering."— i7Mt'/(ffn^ News. 

" The author has coDected together a surprising quantity of ndes and practical data, and has 
shown much Judgment in the selections he has made. . . . There is no doubt that this book is 
one of the most useful of its kind published, and will be a very popular compeadLum."— Engineer. 

" A mass of inform^ion, set down in simple language, ana m such a form that it can lie easily 
referred to at any time. The matter is uniformly gooa and well chosen amd is greatly eluddatcd 
by the illustrations. The book will find its way on to most enghieers' shelves, where it will rank as 
one of the most useful books of reference."— />ra£Mra/ Engineer. 

" Full of useful information and should be found od the office shelf of all practical < 
•^liH^lisH Afe'Jtanie. 
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MR, MUTTON'S PRACTICAL HANDB00K8--conHnued, 

^Practical Treatise on Modem Steam-Boilers. 

STEAM-BOILER CONSTRUCTION. A Practical Handbook 
for Engineers, Boiler* Makers, and Steam Users. Containing a large Col- 
lection of Rales and Data relating to Recent Practice in the Design, Con- 

strnction, and Working of all Kinds of Stationary, Locomotive, and Marine 
Steam-r " - -^ -p - — ^. .. •" ». _ . 

Author 

Handbook, 

Medium 8vo, i8s. cloth. 

13" Th's work is issued in eotUinuaiion of the Series of Handbooks written 
by the Author, »«;— "The Works' Manager's Handbook** and "The Practi. 
CAi, Engineer's Handbook," wAic/t are so highly appreciated by Engineers for 
the practical nature of their information ; and is conuquenUy written in the same 
style as those works. 

The A uthor believes that the concentration, in a convenient form for easy refet- 
enee, of such a large amount of thoroughly practical information on Steam-Boilers, 
will be of considerable service to those for whom it is intended, and he trusts the book 
may be deemed worthy of as favourable a reception as has been accorded to its 
predecessors, 

\* Opinions of the Press. 

"Every detail, both In boOer design and manasfenient, is clearly laid before the reader. The 
TOlume shows that boiler construction nas been reduced to the con<ution of one of the most exact 
sciences ; and such a book is of the utmost value to thn /in de siide Encineer and Works' 
Manager."— A/ariM^ EngiHttr. 

** There has lonff been room for a modem handbook on steam boOers : there is not that reom 
now, because Mr. Hutton has filled it. It is a thoroughly practical book for those who are occu> 
pied in the construction, desi^ni. selection, or use of boilers. "—jErMe^>w»r. 

",Tbe bobk is of so important and comprehensive a character that it must find its way Into 
the libraries of everyone mterested in boiler usin^f or boiler manufacture if they wish to be 
thoroughly informed. We strongly recommend the book for the intrinsic value of its contents."— 
Machinery Market, 

" The value.of this book can hardly be over-estimated. The author's rules, formulae. &c., are 
an very fresh, and it is impossible to turn to the work and not find what you want No practical 
engineer should be without iW'-CoUiery Guardian. 

Hutton'8 *^ Modernised Templeton.'^ 

THE PRACTICAL MECHANICS* WORKSHOP COM- 
PANION, Comprising a ^eat variety of the most useful Rules and Formulas 
in Mechanical Science, with numerous Tables of Practical Data and Calcu- 
lated Results for Facilitating Mechanical Operations. Bv William Tbicplb- 
ton, Author of "The Engineer's Practical Assistant,'^ &c. &c. Sixteenth 
Edition, Revised, Modernised, and considerably Enlarged by Walter S. 
Hutton, C.E., Author of "The Works' Manager's Handbook," "The 
Practical Engineer's Handbook," &c. Fcap. 8vo, nearly 500 pp., with 8 
Plates and upwards of 230 Illustrative Diaigrama, Ss., strongly Doimd for 
workshop or pocket wear and tear. 

%* Opinions op thb Press. 

*' In Its modernised ftmn Hutton's ' Templeton 'should have a wide sale, Ibr it contains macb 
valuable information which the mechanic will often find of use, and not a fern tables and notes wUcb 
he might look for in vain in other works. This modernised edition will be appreciated by all who 
have learned to value the original editions of ' Templeton.' ' '-Enflisk Mechanic. 

** It has met with great success in the engineering workshop, as we can testify ; and there are 
a great many men who, in a great measure, owe their rise in life to this little \)Oclk."—Buildht£^ News, 

" This umlliar text-book— well known to all mechanics and eogineeis— Is of essential service to 
the every-digr requirements of engineers, millwrights, and the various trades connected with 
engineeruig and buHj^Ung. Tho new modernised edition is worth Its weight in gold.*— Af^^^rv 
Hews. (Second Notice.) 

** This well-known and largely- used book contains Information, brought up to date, of the 
sort so useful to the foreman and draughtsman. So much fresh Information has t>eett introduced 
as to constitute it practically a new book. It will be largely used in the office and workshop."— 
MerhaniceU World. 

" The publishers wisely entrusted the task of revision of this popular, valuable, and useful book 
to Mr. Hutton, than whom a more competent man they could not have found."— /rvM. 

Tennpleton^s Engineer's and Machinist's Assistant! 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 

PRACTICAL ASSISTANT, A collection of Useful Tables, Rules and Data. 

By William Tbmplbton. 7th Edition, with Additions. x8mo, as. 6d, doth. 

*«* Opinions of thb Prbss. 

" Occnples a foremost place among books of this kind. A more suitable present to an q;>prea> 
tlce to any of the mechanical trades could not possibly be made."— ^MtfiM»v J^*»s. 

"A deservedly popular work. It should be in the * drawer ' of every mechanic."- F^AIrA ' 
Mechanic 
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Foley's Office Beference Book for Mechanical 
Emgineers* 

' THE MECHANICAL ENGINEER'S REFERENCE BOOK, 
for Machine and Boiler Constraction. In Two Parts. Part I. Gbmbrai. 
Bnoimbbrino Data. Part II. Boiler Construction. With 51 Plates and 
nomerous Illnskratioos. By Nbi.son Folby, M.I.N.A, Folio, £s 5*' ^^' 
bound. 

Summary op Contbmts. 

PART I. 



Mbasurbs.— Circumferences and 
Areas, &c., Squares, Cubes, Fourth 
Powers. — Square and Cube Roots.— 
Surface of Tubes— Reciprocals. — 
Logarithms. — Mensuration. — Spe- 
cific Gravities and Weights. — 
Wore and Power. — Heat.— Combus- 
tion. — Expansion and Contraction. 
-Expansion of Gases. — Steam. — 
Static Forces. — Gravitation and 
Attraction. — Motion and Computa- 
tion OF Resulting Forces. — Accu- 
mulated WoriC'Cbntrb and Radius 



OF Gyration. — Moment of Inertia. 
— Centre of Oscillation. — Elec- 
tricity. — Strength of Materials. 
—Elasticity. — Test Sheets of 
Metals.— Friction. — Transmission 
OF Power. — Flow of Liquids.— Flow 
OF Gases.— Air Pumps, Surface Con- 
densers, ftc. — Speed of Steamships. 
—Propellers. — Cutting Tools. — 
Flanges. — Copper Sheets and 
Tubes.— Screws, Nuts, Bolt Heads, 
ftc— Various Recipes and Miscel- 
laneous Matter. 



With DIAGRAMS for Valve-Gear, Belting and Ropes, Discharge and 
Suction Pipes, Screw Propellers, and Copper Pipes. 

PART II. 



Riveting. — Boiler Setting, Chim- 
neys, AND Mountings. — Fuels, &c. — 
Examples of Boilers and Speeds of 
Steamships. — Nominal and Normal 
Horse Power. 



Treating of, Power of Boilers. — 
Useful Ratios. — Notes on Con- 
struction. — Cylindrical Boiler 
Shells. — Circular Furnaces. — 
Flat Plates. — Stays.— Girders.— 
Screws. — Hydraulic Tests. — 

With DIAGRAMS for all Boiler Calculations and Drawings of many 
Varieties of Boilers. 

*♦* Opinions of the Press. 

** This appears to be a work for which there should be a largfe demand on the part of mechani- 
cal Migineers. It is no easy matter to compile a book of this class, and the labour involred is 
enonnous, particularly when — as the author Informs us — the majority of the tables and diagrams 
have been specially prq>ared for the work. The diasrams are ezceptionally well executed, and 
generally constructed on the method adopted in a previous work by the same author. . . The 
tables are Terr numerous, and deal with a greater variety of subjects than will generally be found 
In a work of this kind ; they have evidendy been compiled with great care and are unusuallv com- 
[dete. All the information given appears to be well up to date. ... It would be quite unpos- 
sible within the limits at our disposal to even enumerate all the sut^jects treated ; it should, 
however, be mentioned that the author does not confine himself to a mere bald statement of 
formulae and laws, but in very many instances shows succinctly how these are derived. . . . The 
latter part of the book is devoted to diagrams reladnr to Boiler Construction, and to nineteen 
beautifully-«Kecuted plates of working drawings of bouers and their details. As samples of how 
such drawings should be got out, they may be cordially recommended to the attention of all young, 
and even some elderlv, engineers. . . . Altogether the book is one which every mechanical 
engineer may. with aovantage to himsdf add to nis Ubnry."— Industries. 

" Mr. Foley is well fitted to compile such a work. . . . The diagrams are a great fieature 
of the work. . . . Regarding the whole work, it may be very fairly stated that Mr. Foley has 
produced a volume which will undoubtedly fulfil the desire of the author and become indispen. 
sable to an mechanical engineers."— 'AfartMtf Engineer. 

" We have carefully examined this work, and pronounce it a most excellent reference book 
for the use of marine oogintets."— journal q/ American Sociefy qfNav«U Engineers. 

" A veritable monument of industry on the part of Mr. Fole>, who has succeeded in producing 
what is simply invaluable to the engineering profession."— sSiC^amjAt^. 

Coal and Speed Tables. 

A POCKET BOOK OP COAL AND SPEED TABLES, for 
Engineers and Steam-users. By Nelson Foley, Author of " The Mechanical 
Engineer's Reference Book.** Pocket-sise, 3s. 6d. cloth. 

"These tables are designed to meet the requiiements of every-day use ; they are of sufli- 
dent scope for most practical purposes, and may be coaiBended to engineers and users of 
steam."— /r»» 

'* This pocket-book weO merits the idtentkm of the pfScHcal eogbeer. Mr. Foley has com- 
piled a very useful set of tables, the informatkm contahied in i^ch is fiequent^ raqulfod bv 
eogfaieets. coal consumers and users of steam."— /rvw mnd CeeU TVmdes JUview. 
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Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. With a Sup- 
plement on Gas Engines, and Part II. on Heat Engines. By T. M. 
GooDBVB, M.A., Bamster-at-Law, Professor of Mechanics at the Royal 
College of Science, London; Author of "The Principles of Mechanics," 
" The Elements of Mechanism," &c. Twelfth Edition, Enlarged. With nu- 
merous Illustrations. Crown 8vo, 6s. cloth. 

"Professor Goodere has given us a treatise on the steam engine which wiB bear compailson 
with anything written l>y Huxley or MaxweD, and we can award it no higher praise."— J?neyM«^> 
" Mr. Goodeve's text-book is a work of which every youns^ engineer should possess himself." 

Gas Engines. 

ON GAS-ENGINES. With Appendix describing a Recent 

Engine with Tube Igniter. By T. M. Goooevb. M.A. Crown 8vo, as. ^, 

cloth. {Jtist published. 

" Like an Mr. Goodeve's writings, the present is no exception in point of general excellenc*. 

It is a valuable little volume."— Af«^»ic»/ IVorUl. 

Steam Engine Design. 

A HANDBOOK ON I HE STEAM ENGINE, with especial 
Reference to Small and Medium-sized Engines. For the Use of Engine- 
Makers, Mechanical Draughtsmen, Engineering Students and Users of Steam 
Power. By Herman Haedbr, C.E. English Edition, Re-edited by the 
Author from the Second German Edition, and Translated, with considerable 
Additions and Alterations, by H. H. P. Powles, A.M.I.C.E., M.I.M.E. With 
nearly i.ioo Illustrations. Crown 8vo, gs. cloth. 

" A perfect encyclopaedia of the steam engine and its details, and one which must take a per- 
manent place in Engl-sli drawing-offices and workshops." — A Fo entan Pattern-maker. 

"This is an excellent book, and should be in the nands of all who are interested in the con- 
struction and design of medium sized stationary engines. ... A careful study of its contents 
and the arrangement of the sections leads to the conclusion that there is probably no other book 
like it in this country. The volurne aims at showing the resuKs of practical experience, and it 
certainly may claim a complete achievement of this idea." — Nature. 

*' There can be no question as to its value. We cordially commend it to all concerned in the 
design and construction of the steam eng^e."— Mechanical IVorld. 

Steam Boilers. 

A TREATISE ON STEAM BOILERS: Their Strength, Con- 
struction, and Economical Working. By Robert Wilson, C.E. Fifth Bdition. 
X2mo, 6s. cloth. 

"The best treatise that has ever been pubBshed on steam boilers." — Englftttr. 

"The author shows himself perfect master of his subject, and we heartily recommend all em 

ttei ■ ' - ... - _ - _ - 
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pk>yinff steam power to possess themselves of the wotlL."—Iiyia*td's Iron Tridg Citvular, 

BoUer CTiimneys. 

BOILER AND FACTORY CHIMNEYS: Their Draught-Power 
and Stability, With a Chapter on Lightning Conductors. By Robert 
Wilson, A.I.C.E., Author of '*A Treatise on Steam Boilers," &c. Second 
Edition. Crown 8vo, 3;. 6d. cloth. 
"A vahiable contribution to the literature of scientific buUdins:."— 7*A< Buiitkr. 

Boiler Making. 

THE BOILER-MAKER'S READY RECKONER «• ASSIST- 
A NT. With Examples of Practical Geometry and Templating, lor the Use 
of Platers, Smiths and Riveters. By John Courtney, Edited by D. K. Clark, 
M.I.C.B. Third Edition, 480 pp., with X4oIllusts. Fcap. 8vo, rs- half-bound. 
" No workman or apprentice should £• without this book."— /r0» Tta^ie CirtuUw, 

Ijocomotive Engine Development. 

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT. 
A Popular Treatise on the Gradual Improvements made in Railway Engines 
between 1803 and 1893. By Clement E. Stretton, C.E., Author of '* Safe 
Railway Working," &c. Third Edition, Revised and Enlarged. With 95 
Illustrations. Crown 8vo, 25. 6d. cloth gilt. (just published, 

" Students of railway history and all who are interested in the evolution of the modem locomo« 
thre will find much to attract and entertain in this volume."— TA^ Times. 

*' The author of this work is well known to tlie railway world, and no one probably has a 
better knowledge of the history and development of the locomotive. The volume before us 
should be of value to all connected with the railway system of this country." — Naturt. 
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F%re Engineering. 

FIRES, FIRE-ENGINES, AND FIRE-BRIGADES. With 
A History of Fire-Engines, their Constmctxon, Use, and Managnneat; Re- 
marks on Fire-Proof BaildinKS, and the Preservation of Life firtim Fire | 
Sta t istics of the Fire Appliances in English Towns ; Foreign Fire Systems ; 
Hinu on Fire Brigades, Ac. &c. By Charles F. T. Youho, CJI. With 
nomerons lUostrations. 544 pp., demv 8vo, £1 4$, doth. 

" To those ioteresCed in the sttbtject or fires aod fira mppanta^ «e inast lieaftBy coaaincBd tlib 
book. It is the only English worli we now have udoq the sabiecr."— Bngiiuerimf. 

"It dlndsyf much evidence of carefnl l eses fch ; and ICr. Yoang has pat his ftds nseUj 
tesetber. His acquaintance with tlie practical details of the constnacdoo ol steam fire engines, 
old and new, and the conditions with which it is necessary they should comply, is acanate and 

Estimating far Engineering Work, «f<% 

ENGINEERING ESTIMATES, COSTS AND ACCOUNTS: 
A Guide to Commercial Engineering. With nnmeroos Examples of Esti- 
mates and Costs of Millwright Work, Miscellaneoos Prodnctions, Steam 
Engines and Steam Boilers; and a Section on the Preparation of Costs 
Accounts. By A Gbnbrax. Managbr. Demy 8vo, X2S. cloth. 
** This is an excellent and very useful book, covering subject-mxtter in constant leqidsitloB fa 

•verf factory and worluhop. . . . The book is invaluable, not oafy to the youi^ nupnrrr. bat 

slso to the estimate department of erery worio."— ^MrUlrr. 

** We accord the work unqualified praise. The informatioB bglTen fa a plain, straightforward 

■laaner. and hears throughout evidence of the intimate practical arquafaitanre of the author with 

erery pliaae of commercial engineeting. "—MeckatiicmJ IVorld, 

Engineering Construction. 

PATTERN 'MAKING : A Practical Treatise, embracing the Main 
Tvpes of Engineering Construction, and including Gearing, bodi Hand and 
Macliine made, Engine Work, Sheaves and Pulleys, Pipes and Ccdnmns, 
Screws, Machine Parts, Pumps and Cocks, the Moulding of Patterns in 
Loam and Greensand, ftc, together with the methods of Estimating the 
weight of Castings; to which is added an Appendix of Tables for Workshop 
Reference. By A Foreman Pattbrh Makbr. Second Edition, thoroughly 
Revised and much Enlarged. With upward* of 450 Illustrations. Crown 
8vo, 9s. 6d. cloth. [yvst published. 

" A wMl-written technical guide, evidently written by a man who understands and has prac- 

dsed what he has written about. . . . We cordially recommend it to engineering students, youn^ 

loumeymen, and others desirous of being initiated into the mysteries of pattern-making."— ^wiMcr. 
"More than 4«o illustrations help to explain the text, which is, however, always dear and ex> 

pilch, thus rendering the work an excellent mnb tm temm tat tha aM»rentice who desiras to become 

master of his tndmr—£tigiisA Mtekanic 

Dictionary of Mechanical Engineering Terms. 

LOCKWOOD' S DICTIONARY OF TERMS USED IN THE 
PRA CTICE OF MECHANICAL ENGINEERING, embracing those current 
in the Drawing Office, Pattern Shop, Foundry, Fitting, Turning, Smith's and 
Boiler Shops, &c. &c. Comprising upwards of 6,000 Definitions. Edited by 
A Forbiian Pattbrn-Makbr, Author of *' Pattern Making." Second 
Edition, Revised, with Additions. Crown 8vo, 7s. 6d. cloth. 
** Jost the sort of handy dictionary required by the various trades engaged fa mechanical en- 
gineering. The practical engineering pupO will ffad die book of great vahie in his itfiidieSi sad 
every foreman eagfaeer and mechanic should have a copy."— BHiUinf News, 

" Not merdy a dictionary, but, to a certafa extent, idso a most vahiable guide. It strikes us as 
a happy idea to combine with a ddinition of the phrase useful information on the subject of which 
it XxtaltA."— Machinery Market, 

Miil Gearing* 

TOOTHED GEARING : A Practical Handbook for Offices and 
Workshops. By A Foreman Pattern Maker, Author of " Pattern Making," 
" Lockwood's Dictionary of Mechanical Engineering Terms," &c. With 
184 Illustrations. Crown 8vo, 6s. cloth. [Just published. 

Summary of Contents. 

Skew Bevels. — XII. Variable and 



Chap. I. Principles.— II. Forma 
TiON OF Tooth Profiles. — III. Pro- 
portions OF Teeth. — iV. Methods 
of Making Tooth Forms.— V. Inyo* 
LUTB Teeth. — VI. Somb Special 
Tooth Forms. — VII. Bevel Wheels. 
—rVIII. Screw Gears. -—IX. Worm 
Gears. — X. Helical Wheels. — XI. 
We must give the book our an qualified pm 



other Gears. — XIII. Diametrical 
Pitch.— XIV. The Odontograph.^ 
XV. Pattern Gears. — XVI. Machine 
Moulding Gears. — XVII. Machine 
Cut Gears.— XVIII. Proportion of 
Wheels. 

se for its thoroughness of treatment, and we can 



heartily recommend it to ail interested as the most practical booic on the subject yet written."— 
MecManicai fVarld. 



MECHANICAL ENGINEERING, etc. 



Stane-^worhing Moichinery. 

STONE-WORKING MACHINERY, and tht Rafid and Eeonmi- 

col Conversion of Stone, With Hints on the Arrangement and Management 

of Stone Works. Bt M. Powis Balk, M.I.M.B. With Illasts. Crown bvo, gs. 

"The book should bo m the hands of overy ousoo or student of stonA-woric"— C«M[My 

CuartliaM, 

,^ " A capital handbook for all who nunipnlate stone fer baildinK or ornamental pturposea.'*'^ 

MaeMntry Mar Jut, 

JPutnp Construction and ManMgefnenU 

PUMPS AND PUMPING : A Handbook for Pump Users. Being 

Notes on Selection, Construction and Management. By M. Powis Balb. 

M.I.M.e:, Author of " Woodworking Machinery," *' Saw Mills," &c. Second 

Edition, Revised. Crown 8vo, is. 6d. cloth. 

" The matter is set forth as concisely as possible. In fact, condensation rather than difiiisenesi 
has been the author's aim throughout; yet he does not seem to have omitted anything likely to be 
ef vait."—y0umal^Gcu Lighti»tg, 

'* Thoroughly practical and simply and cleaily written."— CAu^fow fferuld. 

Milling Machinery ^ etc. 

MILLING MACHINES AND PROCESSES: A Practical 
Treatise on Shaping Metals by Rotary Cutters, including Information on 
Making and Grinding the Cutters. By Paul N. Hasluck, Author of " Lathe- 
work, ''^ " Handybooks for Handicrafts," &c. With upwards of 300 Engrav- 
ings, including numerous Drawings by the Author. Large crown 8vo, 35a 
pages, 12s. 6d, cloth. 
" A new departure in engineering literature. . . . We can recommend this woric to all 

Interested in milling machines ; it is what it professes to be— a practical treatise."— f^tf'^'wrr. 

" A capital and reliable book, which will no doubt be of considerable service, both to those 

who are already acquainted with the process as well as to those who contemplate its adoption." 

Inausiries, 

Turning. 

LATHE-WORK : A Practical Treatise on the Tools, Appliances , 

and Processes employed in the Art of Turning, By Paul Ni Hasluck* 

Fifth Edition, Revised and Enlarged Cr. 8vo, $s. cloth. 

** Written by a man who knows, not only now work ought to be done, but who also know* how 
Co do it, and how to convey his knowledge to others. To all turners this book would be valuable." 
"EMt^inetring^, 

" We cansafely recommend the work to young engineers. To the amateur It wlO simply be 
invaluable, xo the student It will convey a great deal of useful Information."— fMsc^mtr. 

Screw-Cutting, 

SCREW THREADS : And Methods oj Producing Them. With 
Numerous Tables, and complete directions for using Screw-Cutting Lathes. 
Bv Paul N. Hasluck, Author of " Lathe- Work," &c. With Seventy-four 
Illustrations. Third Edition, Revised and Enlarged. Waistcoat-pocket size, 
C5. 6d. cloth. 
** Full of useful information, hints and practical crMdsm. Taps, dies and screwlng-toois gene* 

cally are illustrated and their action descnbed."— Mechanical fVorld. 

" It Is a complete compendium of all the details of the screw cutting lathe ; in fact a muUum 

inparvo on all tne subjects it treats upon."— Co^/c/tfr and Builder, 

Smith's Tables for Mechanics, etc, 

TABLES, MEMORANDA, AND CALCULATED RESULTS^ 
FOR MBCHANICSt ENGINEERS, ARCHITECTS, BUILDERS, etc. 
Selected and Arranged by Francis Smtr. Fifth Edition, thoroughly Revised 
and Enlarged, with a New Section of Electrical Tablbs, Formulji, and 
Memoranda. Waistcoat-pocket size, is. 6d, limp leather. 
** It would, perhaps, be as difficult to make a small pocket-book selection of notes and formulas 
Co suit all engineers as it would be to make a uniyersal medicine ; but Mr. Smith's waistcoat* 
l^ocket collection may be looked upon as a successfiil attempt." — Eng^ineer. 

" The best example we have ever seen of 370 pages of useful matter packed into the dimen* 
•tons of a card-case."— .AwilA/^v News, " A veritable pocket treasury of knowtedga.**— /rMb 

trench' English Glossary for Engineers, etc* 

A POCKET GLOSSARY of TECHNICAL TERMS: ENGLISH- 
FRENCH, FRENCH-ENGLISH ; with Tables suitable for the Architectural, 
Engineering, Manufacturing and Nautical Professions. By John Jambs 
Fletcher, Engineer and Surveyor. Second Edition, Revised and Enlarged, 
soo pp. Waistcoat-pocket size, is, 6d, limp leather. 
** It is a very great advantage for readers and correspondents in France and England to have 
■a large a number of the words relating to engineering and manufacturers collected m a Hllptitian 
The little book will be useful both to students and tnveiiexs."—ArcMUci. 



" The glossary of terms is very complete, and many of the tablas are new and well 
We cordiaOy commend the bo6k,*^Meckaniaa HTtrU, 



CROSBY LOCKWOOD » SON'S CATALOGUE. 



Year-Book of Engineering fontttilcp. <£<;• 

THE ENGINEER'S YEAR-BOOK FOR 1804. Comprising 
Fonnula, Roles, Tables, Dats and liemoranda in Civil, Mechanical, Elec» 
trical. Marine and Mine Engineering. By H. R. Ksmpb. A.M. Inst.CE.,. 
M.I.E.E., Technical Officer of the Bngineer-in-Chiei 's Office, General Post 
Office. London. Author of "A Handbook of Electrical Testing," "The 
Electrical Engineer's Pocket- Book," &c. With 700 Illnstrations, speciallY 
Engraved for the work« Crown 8vo, 600 pages, 8s. leather. Hust published, 
" Represents an cnonnous quantity of work, and forms a desirable lx)ol( of reference." — Ths 
EnfiM€tr. 

** The book b dbtioctly In advance of most similar publications in this country."— A«v^««mr^. 
" This valuable and weU-designcd book of ruiarence meets the dcniaads of all descriptions o% 
Bintnetii." TafMnrfnii Jtttntw, 

** Teems with op-ttHlat* information in every branch of cnffincerine acd constrHctJoD." — 
Buitdinf Nems. ^ , ,.. 

" The needs of the engineering profession couM hardly be sopplied in a more admirabi«, 
complete and convenient form. To sav that it more than sosuins all comparisons is piai^ bt tlie 
highest sort, ard that may Justly be siid of it."— Mining ycuma/. 

" There is certainly room <or the new ccmer. which supplies explanations and d'rectiors, as 
well as formube and tables. It deserves to Income one of the most successful of the technical 
annuals. "—.<< rrA cCec/. 

" BrinRS together with great skill all the technical information which an enftineer has to us* 
day by day. It is in every way admirably equipped, and is sure to prove succe&sfuL"->5<vrxmaM. 
" The up-to dateness of- Mr. Ke rape's compilation is a quality that will not be lost on the busy 
people for whom the woric is intended. "->C/«j;r'*' Herald, 

JPartabie Engines. 

THE PORTABLE ENGINE; ITS CONSTRUCTION AND 
MANAGEMENT, A Practical Mannal for Owners and Users of Steam 
Engines generally. By William Dysom Wamsbrough. With 90 lUnstr^ 
tions. Crown 8vo, 3s. 6d, cloth. 

" This is a work of value to those who use steam machinery. . . . Should be read by ever^ 
one who has a steam engine, oo a farm or eisewhefe."— A/ierA Lmfu Exprtss. 

** We cordially commend this work to Imrers and owners ol steam engines, and to those wh» 
kave to do with their construction or use."— TWAtt Trmdes ymumtU, 

" Such a general knowledge of the steam engine as Mr. wansbroogh famishes to the reades 
should be acquired by all intelligent owners and others who use the steam engine. "-^Buiidintr Aems. 

" An excellent text-book of this useful form of engin*. * The Hints to Purchasers ' contain » 
good deal of oommonaense and practical wisdom."— ^Mi^/irA Mechanic 

Iran and SteeL 

" IRON AND STEEL " ; A Work for the Forgt, Foundry, Factory^ 
and Office, Containing ready, useful, and trustworthy Information for Iron- 
masters and their Stock-takt rs : Managers of Bar, Rail, Plate, and Sheet 
Rolliag Mills : Iron and Metal rounders ; Iron Ship and Bridge BuUders ;. 
Mcchmical, Mining, and Consulting Engineers; ArchitectSf Contractors, 
Builders, and Professional Diaupbtsmen. By Charles Hoarx, Author ol 
"The Slide Rule,** &c. Eighth Edition, Revised throughout and considerably 
Enlarged, ssmo. 6s. leather. 

" For comprehensiveness the book has not its equal." — Iron, 

" One of the best of the pocket books."— £*v^A Jdeckmnie. 

■* We cordially recommend this book to thoae engaged in considering the dotaOs of aB kinds o* 
i -on and ttael 'moek%.''—NmtmlSelemee. 



Elementary Mechanics, 

CONDENSED MECHANICS. A Selection of Fonnulae. Rules 
Tables, and Data for the Use of Engineering Students, Science Classes, &c 
In Accordance with the Requirements of the Science and Art Department. 
By W. G. Crawford Hughes. A.M.I.C.E. Crown 8vo, ». 6d. cloth. 

" The book is well fitted for those who are either confronted with practical problems in theis 
woric, or are preparing for examination and wish to refresh their knowledge by gomg through thei> 
formulae again." — Marint Engineer. 

" It is weO arranged, and meets the wants of those for whom it is intended."— ,ft«tfiMV News, 

Steam. 

THE SAFE USE OP STEAM. Containing Rules for Un- 
professional Steam-users. By an Emoinebr. Sixth Edition. Sewed, 6d. 
** If steam>asers would but learn this Htde book by heart, boiler explosions would becoai» 
sanations by their rarity."— £ftf/uA Mecfumic. 

Warming. 

HEATING BY HOT WATER; with Information and Sug- 

festions on the best Methods of Heating Public, Private and Horticultural 
uildings. By Walter Jomes. Second Edition. With 96 Illustradons*. 
Crown 8vo, as. 6d. net. 

** We confidently recommend all interested In he; ting Iqr hot water to secnrs a copy of thla 
vahiable little treatise."— 7Vk« Plumber a ttd Deur at r. 



MECHANICAL ENGINEERING, etc. 



THE POPULAR WOUKS OF MICHAEL REYNOLDS 
(" Thb £nqinb Driver's Fribnd "). 

Loeomotive'JEngine Driving. 

LOCOMOTIVE-ENGINE DRIVING : A Practical Manual f op 
Engineers in charge of^ Locomotive Engines. By Michael Reynolds, Membes 
of the Society of £neineers, formerly Locomotive Inspector L. B.and S.C. R» 
Ninth Edition. Including a Key to the Locomotive Engine. With Illus- 
trations and Portrait ot Author. Crown 8vo, 45. 6d. clotn. 
" Mr. Reynolds has supplied a want, and has supplied it weU. We can confidently recommend 

tbe book, not only to the practical driver, but to everyone who takes an interest in the perfoimance 

of locomotive eiufines."— TA^ Engifutr. 

" Mr. Reyn(uas has opened a new chapter In the literature of the day. This admirable practical 

treatise, of the practical utility of which we have to speak in terms of warm commendation."— 

AtheruntfH, 

" Evidently the work of one who knows his subject thoroughly."— RaUway Service Gazette. 
" Were the cautions and rules eiven in the book to become part of the every-day workin£ o# 

oar enfj^e-drivers, we mij^ht have fewer distressing; accidents to aeplonJ'^ScotsmaM, 

8tationa/ry Engine Thriving. 

STATIONARY ENGINE DRIVING : A Practical Manual for 
Bnfifuers in charge of Stationary Engines. By Michael Reynolds. Fifth 
Edition. Enlarged. With Plates and Woodcuts. Crown 8vo, 45. 6d. cloth. 
"The author is thoraugfaly acquainted with his subjects, and his advice on the various points 

treated is clear and practioiL . . . He has produced a manual which is an exceedinfty usefuX 

one for the class for whom it is specially 'intended."— Engineerinf. 

" Our author leaves no stone unturned. He is determined that Ms readers shaU not only know 

•omethinjjf about the stationary engine, but all about it."— Engineer. 

"An engineman who has mastered the contents of Mr. Reynolds's book will require but little actual 

experience with boilers and engines before he can be trusted to look after them."— £>tt'/irAJ/((cA«i*4i. 

The Engineer, JFireman, and Engine-'Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, and 
ENGINE-BOY. Comprising a Historical Notice of the Pioneer Locomotive 
Engines and their Inventors. By Michael Reynolds. With numerous Illus- 
trations and a fine Portrait of George Stephenson. Crown 8vo, 4s. td. clotU 
" From the technical knowledge of the author it wiU appeal to the railway man of to-di^ mora 
forcibly than anything written by Dr. Smiles. . . . The volume contains information of a tacb- 
nical kind, and facts tiiat every driver should be familiar vr{tYi."—EngrHsh Mechanic. 

"We should be glad to see this book in the possession of everyone in the kingdom who ha» 
ever laid, or is to lay, hands on a locomotive engine."— /rvw. 

Continuous EaUway Brakes, 

CONTINUOUS RAILWAY BRAKES: A Practical Treatise 0% 
th* several Systems in Uu in the United Kingdom; their Construction andt 
Performance. With copious Illustrations and numerous Tables. By Michabb 
Reynolds* Large crown 8vo, 9s. cloth. 
" A popular explanation of the different brakes. It wUI be of great assistance in forming piibtt« 

opinion, and will be studied with benefit by those who take an Interest in the brake."— Jyntf/irA 

Mechanic. 

"Written wUh sufficient technical detail to enable the principle and relative connectiOQ of that 

various parts of each particular brake to be readily graspta,"—Mechanicai fVorld, 

Engine^Driving Life. 

ENGINE-DRIVING LIFE : Stirring Adventures and IncidenU 

in the Lives of Locomotive-Engine Drivers. By Michael Reynolds. Third 

and Cheaper Edition. Crown 8vo, is. 6d. clotn. [Just published, 

" From first to last perfectly iascinatinff . Wilkie CoUns's most thrUHng conceptions are throws 

Into the shade by true incidents, endless in their variety, related in every page." — North British Mail, 

" Anyone who wishes to get a real insight into railway life cannot ao better than read * Engin** 

Driving Life' for himself ; and if he once take it up he will find that the author^ enthusiasm aad reaff 

Icve of the enginoKlriving profession will carry him on till he has read every pa£«."—k&i/Nnia!y£ff»irw^ 

Pocket Companion for Enginemen. 

THE ENGINEMAN" S POCKET COMPANION AND PRAC* 
TICAL EDUCATOR FOR ENGINEMEN, BOILER ATTENDANTS^. 
AND MECHANICS. By Michael Reynolds. With Forty-five Illustra- 
tions and numerous Diagrams. Third Edition, Revised. Roysu iSmo* 3s. 6i., 
strongly bound for pocket wear. 
"This admirable work Is well suited to accomplish its object, being the honest workmanship o4 

a competent engineer." — G/as£vw Herald. 

" A most meritorious work, giving in a succinct and practical form all the information an engin*. 

minder desurous of mastering the scientific principles of his daily calling would require." — Th» 

MUU^. 

** A boon to those who are stririn to become efficient mechanics."— Z'aA'J' ChroHtde* 



xo CROSBY LOCK WOOD &> SON*S CATALOGUE. 

OZVIL KNOINXSRINa, BUKVEYINO, ete. 

MR. HUMBER'8 VALUABLE ENGINEERING BOOKS. 
th0 Water Supply of Cities and Towns. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
OF CITIES AND TOWNS. By William Humbbr, A-M.InstC.E., and 
If. Inst. Id.B., Author of "Cast and Wrought Iroo Bridge Construction," 
ftc. Ac. Illastrated with 50 Double Plates, i Single Plate, Coloured 
Frontispiece, and upwards of 9SQ Woodcuts, and containin|; 400 pages of 
Text. Imp. 4to, £6 w. elegantly and substantially hali-bound m morocco • 

Lt^ of CcmUtOs, 

Cooduiti.— Xm. D Mi l butlun of Watar.— XIV. 

M«t«n, Senrics Pipes, and House Fittings. — 
XV. Tiia Law and Economy of Water Wosks. 
XVIi Constant and Intennittsnt Supply^-* 
XVIL Dascription of Plates. — Appcndioca, 
aMof Tables ot Rates of Supi^y, Velodtiea. 
ftc. fc. together with Specifications of several 
Worlu uhi^atBd, anuHtg^ which wfll be found : 

Dundee. 

lUhTud 



I. fOstoricid Skeieh of soaM of the means 
•hat have been adopted for the Supi^jr of Water 
Co Cftias and Towns.— II. Water and the F<h 
niga Matter osuaDjr aaaoclated with IL— III. 
Rainfall and ETaporation.— IV. Springs and 
tiie water-bearing formations of various di» 
teicts.— V. Measurement and Estimation of the 
«ow of Water —VI. On the Selection of the 
Source of Supply.— VII. Weils.— VIII. Reser. 
voiis.— IX. The Purification of Water.— X. 
Pumps. -> XL Pun4)ing MacUneiy. — XIL 

*' The most systematic and TaluaUe work upon water supply MttMito piodnced In E&glWi. oa 

In any father language. . . . Mr. H umber s worlt is cnaiacterised almost throughout * 

exhausdveneas atadi more dIstinctiTe of Fiench and Gennaa tfian of EimUsh technical f 

'Mure can eoagiattthfea Mr. Rnmber on having been able to |H« so hrge an amount of toMofg- 



Worksihustrated. anumg which wfll be foi 
Aberdeen, Bideford, Canterbury, Dun 
M.iifc*, y.nm ^^ l^ Kothadiaa, DnbUa* 



cwtloa on a subject so impottant as the water supply of dtles and towns. The plates, fifty fat 
number, are mostly drawings of executed works, and alone would have commandea the itttrfbrn 
•f erary engineer whose practice may lie in this bianch of the pro''esdon.''~^wtf«Icr. 

C(Mt and Wrought Iron Bridge Construction. 

A COMPLETE AND PRACTICAL TREATISE ON CAST 
AND WROUGHT IRON BRIDGE CONSTRUCTION, including Iron 
Foundations. In Three Parts— Theoretical, Practical, and Descriptive. By 
WiLUAM HuMBBR,A.M.InstC.E., and M.Inst M.B. Third Edition, Re- 
vised and much improved, with 1x5 Double Plates (90 of which now first 
appear in this edition), and numerous Additions to the Text In Two V0I8.1 
imp. 4to, £6 x6s. 6d. half-bound in morocco. 

** A rery valuable contribution to the standard literature of dvl englnaertng'. In addMon to 
alev ati o M . plans and sectiona, large scale details are given which very much enhance the lnsbruc> 
Cive worth of those Wuatnxioai.'^—Civii EfuiHetr and Architect's youmaU 

"Mr. Humber's sutely volumes, lately fisued— fat whidi the moet hnpoitant btUteas erected 
during the last five veara, under the direction of the hite Mr. Brunei, Sir W. Cubitt, Mr. Hawk 
" ~ Mr. r - - 



•haw, Mr. Page, Mr. Fowler, Mr. Hemana. and others among ow SMMt eminent engineera, aas 
drawn and s pecified in great detalL"— JV«vteMr. 

Strains, Calculation of. 

A HANDY BOOK FOR THE CALCULATION OP STRAINS 

IN GIRDERS ANDSIMILARSTRUCTURBS.AND THEIR STRENGTH. 

Consistiujs of Formulas and Corresponding Diagrams, with numerous details 

for Practical Application, &c. Bv William Humbsk, A-M.Inst.C.B., ftc. 

Fifth fiditioa Crown 8vo, nearly too Woodcuts and 3 Plates, ys. 6d. doth. 

" The formulae are neatly expressed, and the diagrams good."— >f /A^furiMw. 

" We heartily commend this really M at u ff book to our engineev and architect veaden.'*— f M|gw 

shM§ekanie, 

B€^low's8trengthof Materials, enlarged JyyHumber. 

A TREATISE ON THE STRENGTH OF MATERIALS; 
with Rules for Application in Architecture, the Construction of Suspension 
Bridges, Railways, &c. By Pbtbr Barlow. F.R.S. A New Edition, Revised 
by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, F.R.S. ; to which 
are added, Experiments by Hodgkinson, Fairbairn, and Kirkaldy; and 
Formulas for Calculating Gurders, &c. Arranged and Edited by Wm. Humbbsi 
A-M.Inst.C.E. Demy 8vo, 400 pp., with xg lurge Plates and numerous Wood- 
cuts, x8s. cloth. 

" Valuable alike to the student, tyro, and the eqwtlenoed pfacHtioner, ft will always rank in 
fcture, as it has hidiertodone, as the standard treatiae on that particular subject."— ^mc^mw, 

" There is no greater authority than Bax]ow."—SMitdinr N«ws. 

" As a sdentinc work of the first class, it deserves a foremost place on the bookshelves of every 
dvil enghieer and practical mechanic."— fMSf^irA Mechanic _ 



CIVIL ENGINEERING, SURVEYING. tU. II 

im. HUMBERS GREAT WORK ON MODERH SHBINEERIHQ. 

' Compteu In Four Volumes, Imperial Jio, price £11 lu.. balf-morocca. ^ach 

VdIuuh aofd sepualeV is Allows :- 
** BECORD OF THE PROGRESS OF MODERN ENGINEER' 
ING. Fmai Sisibs. CompriBine Civil, Mechanical, Marina, Hydraolic, 
Railway Bridge, and olher EaEineeriag Works, Ac. Br William Huubbb, 
A'M.Insl.C.E., &c. Imp. jId witb 36 Double Plates, dravm lo a large seal*, 
Pboloenlpbic Portrail of John Hankshaw, C.B., F.R.S,, ftc,, tad copiCDI 
dsBcriptive Letlerpiess, SpecilicadoDs, &c.. £i 31. baU^mDiDcca, 
List 0/ thi Plata and Diagrams. 

tplditflili SDuibpon Pt« li'plBtEAl; VkroriA plx«)l AimDUfPIUn: Suiponiion B^ta, 
BDoton and Sni^L, C. & 6. W C. W. R. f* ^him« U plausl ; TlM AUea ^j^^^.^lr 

Rbulih Ran (I plilol ; Brides met Ihi I 

HUMBER'S PROGRESS OF MODERN ENGINEERING. 



id copiaat deacrlpllve LelUi- 




BOMBER'S PROGRESS OF MODERN ENGINEERING. 

'mp. 4to, wiih to Doubls Flates, Pb . - - ■ - 

le Preg. Inat. C.E., uid copioua dt 
•1 if 3 !•■ haH-morocco, 
Liil 0/ tht Plata and Diagnmi. 



Thikd SiRiis. Imp. 4to, wiih ui Doubls Plates, PboloErapblc Portrait of 

tR. M'Clsu, Ule Preg. Inat. C.E., uid copioua deecnpUie LBRarpreu, 
peeificMliHii, Ac., £i ji. haU-morocco, 
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la CROSBY LOCKWOOD <S- SON'S CATALOGUE. 

8t€Uie0f Qraphie and AnaiyUcm 

GRAPHIC AND ANALYTIC STATICS, m their Practical Appii- 
eaiim to the TreatnutU of Stressn in Rooftt Solid Girdon, Lattice, BomsMng 
and Susfemion Bridges, Braced Iron A rches and Piers, and other Frameworks. 
Bj R. HuosoM Graham, C.B. Containing Diagrams and Plates to Scala. 
with nnmeront Ezamplet, many taken from existing Stmctnres. Specially 
arranged for Class-work in Colleges and Uni^ersitiet. Second Edition, Re- 
vised and Enlarged. 8vo, x6i. cloth. 
'Mr. Grahaa't book «a iod a place whocvwKiapUc sadanalyttectatlcsamaMdof itDdie^ 



~T1m) wofk h oxodlent fkvm S pMctkal poliit of vlaw. and lue ovldenlly twee M o iMio d wttk 
The diractions for working are amplo, aad ar« lOustratod by aa abundance of wd^ 
It iaaa OToallent fat-book for tha practteal dianghtwiaa.*— ^' ' 



JPrticticai Mathematics. 

MATHEMATICS FOR PRACTICAL MEN: Being a Common- 
place Book of Pore and Mixed Mathematics. Designed chiefly for the nse 
of Civil Engineers, Architects and Surveyors. By Ourtbus Gkkoort, 
LL.D., F.R.A.S., Enlarged by Hsmrt Law. C.E. 4th Edition, carefhlly 
Revised by J. R. You ho, formerly Professor ot Mathematics, Belfut College. 
With 13 Plates. 8vo, £1 is. cloth. 
" The engineer or archkect will here find ready to hh hand ralet fbr aoMng nearly every nathe* 

■Mtkal dMiciuty that may arise in his practice. 'Htc rules are In aD cases explained by means o# 

emmipleB. in which erery step of the process is clearly worked out.''—Buader. 

** One of the most serviceable boolu for practical mechanica. . . It is an fantracthre book foe 

tte stadent, and a text-book for ami who, having; once mastered the subjects it treats of; needs 

orcaskwsliy to refresh his memory upon ibam.''-'BuMitt£ Newe, 



Hydraulie Tables. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAS 
for finding the Diuharge of Water from Orifices, Notches, Weirs, PiPn, amd 
Rivers, With New Formulas, Tables, and General Information on Rainfall, 
Catchment- Basins, Drainage, Sewerage. Water Supply for Towns and MiU 
Power. B^ John Nbvillx, Civil Engmeer, M.R.I. A. Third Ed., carefully 
Revised, with considerable Additions. Nnmerons lUusts. Cr. 8vo, Z4s. cloth. 

" Alike valuable to students and engineers In practice ; its study win prevent the annoyance ol 
■voidable laihirca. and assist them to select the readiest means of successfully carrying out any 
given work connected with hydraulic engineering."— Jl/tM<ry yourtial. 

•* It Is, of all English books on the subject, the one nearest to couipiotenaw. . . • Pna the 
good arrangement m the matter, the clear explanations, aad abundance of formulae, tte carefb^f 
rrlt— ****** tables, and, above all, the thorough acquaintance with botfi theory and coostnictloab 
wtalcb is displayed from first to hat. the book will be found to be aa arqnWrinn r^ArekHtel, 

Hydraulics. 

HYDRA ULIC MANUAL. ConsistiDg of Working Tables and 
Explanatory Text. Intended as a Guide in Hydraulic Calculations and Field 
Operations. By Lowis D'A. Jackson, Author of ''Aid to Survey Practice," 
** Modem Metrology,*' ftc. Fourth Edition, Enlarged. Large cr. 8vo, i6f. cl. 

*' Tlie author has had a wide experience in hydraulic engineering and has been a careflil ot> 
■orver of tlie facts which have come under his notice, and from tlie great mass of material at his 
'•ira**"*"** he has constructed a manual which may be accepted as a trustworthy guide to this 



branch of the engineer's profession. We can heartily recommend this volume to all who desire to 
b« acauainted wtth the latest develooment of this important subject. "—Etig im te ri ng, 

"The standard-worit In tUs department of mechanirs. "—Scottman. 

" The moat useful feature of tnis work is its freedom from wtiat Is snporaaaaatod, aad ll» 
thorough adoption of recent experiments ; the text li^ la foct. In great pait a sliort account of the 
gnat Bodaia eiperiaMnia."— ivoAtra. 



Drainage. 

ON THE DRAINAGE OF LANDS, TOWNS, AND BUILD- 
INGS. By G. D. Dbmpsbt, C.E., Author of **The Practical Railway Bi>- 
gineer,** ftc. Revised, with large Additions on Rbcbnt Practicb in 
I>RAiMAGB Enginbbrino, by D. KiMNBAR Clarr, M.InsLC.B. Author of 
** Tramways: Their Construction and Working," "A Manual of Rules, 
Tables, and DaU for Mechanical Engineers," ftc Second Edition, Cor- 
rected. Fcap. 8vo, 5s. cloth. 

■* The new matter added to Mr. Dempser's excdlent woric Is characterised by the comprdiea- 
slve grasp and accuracy of detail for which the name of Mr. D. K. Clark is a anrndent voncber.**— 

AtJkfHiTHfH, 

** As a work en recent practice la drainage en g i u e eiin g, the book is to be commended to aU 
who are makfaig that branch of engineering science their special study."— /rwM. 

** A comprehensive m an u al on drainage engineering, and a useful Introduction to tke 

^B9l4UliM£f/eW*, 
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Water Storage, Conveyancef and Utilisation. 

WA TER ENGINEERING : A Practical Treatise on the Measure- 
ment, Storage, Conveyance, andUtilisation of Water for the Supply of Towns, 
for Mill Power, and for other Purposes. Bv Charlies Slago, A.M.Inst.C.E., 
Author of " Sanitary Work in the Smaller Towns, and in Villages,*' &c. 
' Second Edition. With numerous Illustrations. Crown 8vo, 75. 6d, cloth. 

" As a small practical treatise on the water supply ot towns, and on some applications of 
ivater-power, the work is in many respects excellent.' — Engineering. 

" The author has collated the results deduced from the experiments of the most eminent 
authorities, and has presented them in a compact and practical form, accompanied by very clear 
■od detailed explanations. . . . The apphcation of water as a motive power is treated very 
carefully and exhaustively. "—^M«/i/tfr. 

"For anyone who desires to begin the study of hydraulics with a consideration of the practical 
applications of the science there is no better gmde-"^ jirchiiect. 

River Engineering. 

RIVER BARS: The Causes of their Formation, and their Treats 
ment by " Induced Tidal Scour; " with a Description of the SuccessAil Re- 
duction by this Method of the Bar at Dublin. By I. J. Mann, Assist. Eng, 
to the Dublin Port and Docks Board. Royal 8vo, 75. 6d, cloth. 
" We recommend all interested in harbour works— and, indeed, those concerned in the lm< 

Movements of rivers generally— to read Mr. Mann's interesting work <» the treatment of river 

baxs."— Engineer, 

Trusses 

TRUSSES OP WOOD AND IRON. Practical Applications oj 
Science in Determining the Stresses, Breaking Weights, Safe Loads^cantlings, 
and Details of Construction, with Complete Working Drawings. By William 
Griffiths, Surveyor, Assistant Master, Tranmere School ol Science and 
Art. Oblong 8vo, 4s. 6d. cloth. 
** This handy little book enters so minutely Into every detail connected with the coostmctioo of 

roof trusses, that no student need be ignorant of these mattets,"— Practical Engineer, 

Railway Working, 

SAPE RAILWAY WORKING, A Treatise on Railway Acci- 
dents: Their Cause and Prevention; with a Description of Modem Appliances 
and Systems, By Clbmbnt E. Strbtton, C.E., Vice-President and Con- 
sulting Bncfineer, Amalgamated Society of Railway Servants. With Illus- 
trations and Coloured Plates. Third Edition, Enlarged. Crown Svo, ss. 6d 
cloth. 
** A book for Uie engineer, the directors, the managers ; and. In short, all who wish for faiforma^ 

don on railway matters will find a perfect encydopaema in * Safe Railway Working.' "--MUtilwaaf 

Review, 

" We commend the remarks on railway signalling to au railway managers, especially where a 

vnlform code and practice is advocated."— /^irr</a/A'x Railway youmoL 

" The author may be congratulated on having collected, in a very convenient form, much 

valuable information on the pnndpal questions anecting the safe working of railways."— £ai^. 

way Engineer, 

Oblique Bridges. 

A PRACTICAL AND THEORETICAL ESSAY ON OBLIQUE 
BRIDGES. With 13 large Plates. By the late Gborob Watson Buck, 
M.I.C.E. Third Edition, revised by his Son, J. H. Watson Buck, M.I.C.B. ; 
and with the addition of Description to Diagrams for Facilitating the Con- 
struction of Oblique Bridges, by W. H. Barlow, M.I.CB. Royil Svo^ xas. 
cloth. 

•* The standard text-book for all engineers regarding skew arches Is Mr. Buck's treatise, and it 
would be impossible to consult a bettoe. -^Engineer. 

"Mr. Buck's treatise is recognised as a standard text-book, and his treatment has divested the 
subject of many of the intricacies supposed to belong to it. As a guide to the engineer and archi- 
tect. OS a confesseiily difficult subjectt Mr. Buck's work is unsurpassed."— ^xifaBfay Afews, 

Tunnel Shafts. 

THE CONSTRUCTION OP LARGE TUNNEL SHAPTS : A 
Practical and Theoretical Essav. By T. H. Watson Buck, M.InstC.B., 
Resident Engineer, London and North-westem Railway. Illustrated with 
Folding Plates. Royal Svo, 12s. cloth. 

**lylany omT the netiiods given are of extreme practical vahie to the mason ; and the observatioiia 
•n the form of arcls the rules for ordering the stone, and the construction of the templates will be 
found of coasideKable use. We ooaimendtiM book to the engineering professlon.''—A«<MCn{rAinwtr 

"Win be ragarded bj civil ensineers as of the utmoat valo*, and calailated to save mnch tfane 
and obviate maav mistakes."— CMKcry GumnUmm, 
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StudenVs Text-Booh on Surveying. 

PRACTICAL SURVEYING: A Text-Book for Students pre- 
pwiDg for Examination or for Sunrer^work in the Colonies. By Gxorob 
W. UsiLL, A.M.I.C£m Author of "The SuUstics of the Water Snjpply of 
Greet Britain." With Four Lithographic Plates and upwards of 330 luostra* 
tions. Third Bdition, Revised and enlarged. Including Tables of Natural 
Sines. Tangents, Secants* Ac. Crown 8vo, yt. 6A. cloth ; or, on Thin Papbk» 
bound in limp leather, gilt edges, rounded comers, for pocket use, lai. 6d. 
*' The best foms of batnuncms are described u to their cautsuctkm. ues and modes of 

■nployiBent. sad there arc Innnnierable hints on wcrk and eauipoMnt such as the aathor. In hto 

•xpericBce as sunrcyor, drau8:btsm.-<ii, and teacher, has foo&a nscuataiy, aad which the student 

to nil faiexperlence wul find most tervkeable."— £«i^wMr. 

"The latest treatise fai the EogUsh language on sarrejrlag. and we have no hesitation In say- 

tag tnat the student wUl find it a bener guide than any of its predecessors ..... 

Deserves to tw recognised as the first book which should be put in the iiands of a pupO of Ctvfl 

Engineering, and every gentleman at oducatioa who sots out for the rrilfwiw would find tt w«B to 

haves copy."— ^fvAAM. 

Survey Fractice. 

AID TO SURVEY PRACTICE, for Refermu in Survgying, LevO- 
Mer, and Setting'Out ; and in Route Surv^t o/TraoelUrt by Land and Sen. 
With Tables, Illustrations, and Records. By Lowis D'A. Jackson, 
A.M.I.C.B., Author of ** Hydraulic Manual," ''^Modern Metrology," Ac 
Second Edition, Enlarged. Large crown 8vO| xss. 6d. cloth. 



'A vahiable vrntk-mseum lot the torveyor. We can r e c o mm e n d this hjok as containing an 
admirahU supptemeat to the teaching of the accompKshodsarveyor."— Atkt untftt. 

** As a taxt>lMiok wo should advise aB surveyofs to ptace It hi their Bbrastes, and study wdl the 
naturad faistnictions afforded in itt paige»."—CoMer* Cuardian. 

** The author brings to his work a fortunate unton of theory tad pracdcal ezperfence wUch, 
aided by a dear and hidd style of writing, fenders the book a veqr useAil one."— iw< tfjfc r. 

Surveying, Land and Marine. 

LAND AND MARINE SU R VEY I NG/mReleKLce to the Pro- 
Deration of Plans for Roads and Railways ; Canals, Rivers, Towns' Water 
Supplies; Docks and Harbours. With Description and Use of Surreying 
Instruments. By W. D. Haskoll, C.E., Author of ** Bridge and ^^aduct Con- 
struction,*' fte. Second Edition, Revised, with Additions. Large cr. 8vo, 9s. cl. 
" This book must prove of great value to the student. We have no hesitation in re coamMnd. 
Ing It, feeling assured that it wiu more than repay a careful ttaAy.''—M€cMaMicul World. 

"A most useful and well srrAaged book. We can strongly recommend It as a careflBUy-wi itte e 



aad valuable toxt-book. It enjoys a weU-deserved repute among surveyors "—ButUUr. 

** This votamo cannot Ml to prove of the utmost practical ndHty. Itmaybesaf<rtyreconuneodeA 
lo an students who aspire to become dean aad expect surve!yon."--.Jif»»wv' y«t*mmt» 

t^ieUU-Booh for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, AND CON^ 

TRA CTOR 'S FIELD-BOOK. Consisting of a Series of Tables, with Rules. 

Explanations of Systems, and use of Theodolite for Traverse Surveying and 

Plotting the Work with minute accuracy by means of Straight Edge and Set 

Square only ; Levelling with the Theodolite, Casting-out and Reducing 

Levels to Datum, and Plotting Sections in the ordinary manner; setting-onl 

Curves with the Theodolite by Tangential Angles and Multiples, with Right 

and Left-hand Readings of the Instrument: Setting-out Curves without 

Theodolite, on the System of Tangential Angles by sets of Tangents and Ofl^ 

sets : and Earthwork Tables to 80 feet deep, calculated for every 6 inches in 

depth. By W. D. Haskoll, C.E. Fourth Edition. Crown 8vo, xss. cloth. 

■'The book is very handy ; the separate tables of slaes and tangents to every mtamte will make 

It nseftd for many other purposes, tiie genuine traverse tables exisUng all the same.**— ^/Amamv*. 

"Every person engaged in engineering field operations win estimate the importance of such a 

wOflk and me amount of valuable tbne which winbe saved by reference to a set of reliable tsfrlns 

prepared with the accuracy aad fulness of Aose given la this voJume."— JEaiAwv Nems, 

Levelling. 

A TREATISE ON THE PRINCIPLES AND PRACTICE OP 
LBVBLLING, Showing its Application to purposes of Railway and Civil 
Engineering, in the Construction of Roads: with Mr.TBLPORo's Rules for the 
same. By Frxdxrick W. Simms,F.G.S., M.Inst.C.E. Seventh Edition, with 
the addition of Law's Practical Examples for Setting-out Railwav Curves, and 
Trautwinb*s Field Practice of Laymg-out Circular Curves. With 7 Plates 
and numerous Woodcuts. Bvo, 8s. 6d. doth. *** Tkautwimb on Curves 
may be had separate, 5s. 

*• The test-book on levelHiig in most of our englneeriag sduxA aad cuHeges.*— g^yifiMgr. 
** The publishers have rendereda substaatial service to the psofe8rion.eK>edany to the younger 
members, by bringing out the present editioa of Mr. Siauas's nseflil book "-Engineer. 
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THganometrical Surveying, 

AN OUTLINE OP THE METHOD OP CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geographical ami 
Topographical Maps and Plans, Military Reconnaissance, Levelling, &c,, with 
Useful Problems, FonnulaB, and Tables. By Lieut.-General Fromb, R.E. 
Fourth Edition, Revised and partly Re- written by Major General Sir Charles 
Warren, G.C.M.G., R.B. With zg Plates and 115 Woodcuts. Royal 8vo, i6Sr 
cloth. 

*'The simple ftict that a fouitii edition has been called for Is the best testimony to Its merfta» 
No words of praise from us can streofi;then the position so weD and so steadily maintained by tfaic 
work. Sir Charles Warren has revised the entire work, and made such additions as were necessarf 
to brhif every portion of the contents up to the present datm,"— Broad Arrow. 

Field Fortification. 

A TREATISE ON FIELD FORTIFICATION, THE ATTACK 
OF FORTRESSES, MILITARY MINING, AND RECONNOITRING. By 
Colonel I. S. Macaulay, late Professor of Fortification in the R.M.A., Wool- 
wich. Sixth Edition. Crown 8vo, with separate Atlas of la Plates* 12s. cloth* 

TunneUing. 

PRACTICAL TUNNELLING. Explaining in detail the Setting- 
out of the works, Shaft-sinkingand Heading-driving, Ranging the Lines and 
Levelling underground, Sub-Excavating, Timbering, and the Construction 
of the Brickwork of Tunnels, with the amount of Labour required for, and the 
Cost of, the various portions of the work. By Frederick W. Simms, F.G.S.» 
M.Inst.C.B. Third Edition, Revised and Extended by D. Kinnear Clare, 
M.Inst. C.B. Imperial 8vo, with ax Folding Plates and numerous Wooo 
Engravings, 30s. cloth. 

" The estfanation bt which Mr. Sfanms's book on tunneHlns: has been htM for over thirty yeara 
cannot be more truly expressed than in the words of the late Prof. Ranklne : — ' The best source of in • 
formation or the subject of tunnels is Mr.F.W.Simms'swork on Practical TunneJiing.'"— Architect. 

" It has been regarded from the first as a text-book of the subject. . . . Mr. Cliurk has added 
Immensely to the value oi the ho€k."—£ft£ifturt 

Tramways and their Working. 

TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 

Embracing a Comprehensive History of the System ; with an exhaustive 
Analysis of the various Modes of Traction, including Horse-Power, Steam, 
Cable Traction, Electric Traction, Ac; aDescriptionof the Varieties of Roll* 
ing Stock ; and ample Details of Cost and Working Expenses. New Edition, 
Thoroughly Revised, and Including the Progress recently made in Tramway 
Construction, &c. &c. By D. Kinnear CiJkRK. M.Inst.C.B. With numerous 
Illustrations and Folding Plates. In One Volume, 8vo, 780 pages, price 28s., 
bound in buckram. [J*^st publi^ed. 

" AU hiterested in tramways must refer to it, as aH railway enghieers have turned to the author's 

work ' Railway Maddnery.'"— Engineer, 

" An exhaustive and practical work on tramways, In which the history of this Mnd of locomoi 

don, and a description and cost of tibe vaiioui modes of laying tramways, are to be found."— 

Buildingr News, 

"The best form of rails, the best mode of constmcUon, and the best mechanical appBances 

are so fairly indicated in 'the work under review, that any engineer about to construct a tramway 

will be enabtod at once to obtain the practical infocmation which will be of most sdririce tohfan."-* 

Atkttutum, 

Curves^ Tables for Setting^out. 

TABLES OP TANGENTIAL ANGLES AND MULTIPLES 
for Setting-out Curves from 5 to 200 Radius. By Alexander Bea^elby, 
M.InstCiB. Fourth Edition. Printed on 48 Cards, and sold in a cloth box, 
waistcoat-pocket size, 35. 6d. 
*' Each Uble is printed on a small card, which, betafr fdaced on the tiieodolite, leaves the hands 

free to manipulate the instrument— no smaU advantage as regards the rapidity ofwoA."-~Sn£iHeer. 
" Very handy ; a man may know that all his day's work must fall on two of tiMce cards, whlck 

he puts hito his own card-case. and leaves the rest btUkDd,"^AtM*naum. 

Earthwork. 

EARTHWORK TABLES. Showing the Contents in Cubic 
Yards of Embankments, Cuttings, &c., of Heights or Depths up to an 
average of 80 feet. By Joseph Broadbent, C.E., and Francis CAMprn, C.E. 
Crown 8vo, 5s. cloth. 

" The way in which accuracy !s attained, by a dmple division of each cross section Into three 
elements, two in which are constant and one variable, is ingenious.' ^Athtnceum. 



%6 CROSBY LOCK WOOD «• SON'S CATALOGUE. 



Heaif Expansion by* 

EXPANSION OP STRUCTURES BY HEAT. By John 
Kbilt, C.E.. late of the Indian Public Works and Victorian Railway Depart- 
ments. Crown 8vo, 3s. 6d. cloth. 

SUMMAET OF CONTSMTS. 



Section I. Formulas AND Data. 
Section 11. Mbtal Bars. 
Section III. Simplb Frambs. 
Section IV. Complbx Fbambs amd 

Plates. 
Section V. Thermal Conductivitt. 



Section VI. Mschanical Foecb op 

Heat. 
Section VII. Wore op Bxpawsiom 

AND Contraction. 
Section VIII. Suspension Bridges. 
Section IX. Masonry Structures. 



" The aim th« author has set before him, viz., to show the effects of heat upon metalUc and 
other structures, is a laudable one, for this is a branch of physics upon which tlie engineer ov ■rchi' 
tiect can ind but Httle reliable and comprehensive dau in boakM."—BtiiU€r. 

** Whoerer is concerned to Icnow the effect of changes of temperature on such structur e s as 
cospension bridges and the like, could not do better than consult Mr^ Kelly's valuable and handy 
• a po s ition of the geometrical p rt a ci p l es involred in th e se 1 ' 



Earthwork^ Meastiretnent of. 

A MANUAL ON EARTHWORK. By Alex. J. S. Graham, 

C.B. With namerous Diagrams. Second Edition. i8mo, as. 6d. cloth. 

*' A greet amount of practical information, very admirably arranged, and available for nogh 
estimates, as well as Cor the more exact calailetions required in tfie engineer's and oontiactor's 



Strains in Ironwork. 

THE STRAINS ON STRUCTURES OP IRONWORK; with 
Practical Remarks on Iron Construction. By F. W. Sbbilds, M.InstiC.Bi 
Second Edition, with 5 Plates. Royal 8vo, 5s. doth. 
The student cannot find a better little book on this subject."— J?»iito«(r.' 

Cast Iron and other Metals, Strength of. 

A PRACTICAL ESSAY ON THE STRENGTH OP CAST 
IRON AND OTHER METALS. By Thomas Trbdoold, C.B. Fifth 
Edition, iaclnding Hodqein son's Experimental Researches. 8to, its. cloth. 

Oblique Arches. 

X PRACTICAL TREATISE ON THE CONSTRUCTION OP 
OBLiqUB ARCHES. By John Hart. Third Edition, with Plates. Im- 
perial ovo, 85. cloth. 

Girders, Strength of. 

GRAPHIC TABLE FOR FACILTTATING THE COMPUTA^ 
TION OF THE WEIGHTS OF WROUGHT IRON AND STBEL 
GIRDERS^ etc.t for Parliamentary and other Estimates. By J. H. Watson 
BucE, M.In8t.C.E. On a Sheet, as. 6d, 

Water Supply and Water-Works. 

THE WATER SUPPLY OF TOWNS AND THE CON- 
STRUCTION OF WATER-WORKS: A Practical Treatise for the Use ot 
Engineers and Students of Engineering. By W. K. Burton, A.M.InstC E., 
Professor of Sanitary Engineering in the Imperial University, Tokyo, Japan, 
and Consulting Engineer to the Tokyo Water-works. With an Appendix on 
the Elfects of Earthquakes on Waterworks, by John Milmb, F.R.S., Pro- 
fessor of Mining in the Imperial University ox Japan. With numerous 
Plates and Illustrations. Super-royal Bvo, ass. buckram. IJmt published. 

" The whole art of waterworks construction is dealt with in a clear and comprehensive £iShion 

11 this handsome volume. ... Mr. Burton's practical treatise shows in all its sections the fruit 

of independent study and individual experience. It is largfely based upon his own practice in the 

branch of engineerinsf of which it treats, and with such a basis a treatise can scarcely fail to be sug- 

^festive and useSyxV— Saturday Review. 

Professor Burton's book is sure of a warm welcome amonapengineers. It is written in clear 

ncn of I 



■and vifrorous lang^ase and forms an exhaustive treatise on a branch of engineerinsf the claims ot 
v^hich It would be dimcult to over-estimate." — Scotsman. 

" The subjects seem to us to be ably discussed, with a practical aim to meet the requirements 
of all its probable readers. The volume is well got up, and ths illustrations are excellent. 

TAt Latuxt 
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MARINE ENQINEERING, SHIPBUILDING, 

N AVIGATION, e tc. 

Pocket'Bookfor Naval Architects and ShipbuiMe rs, 

THE NAVAL ARCHITECT'S AND SHIPBUILDER*:> 
POCKET-BOOK of Formula,Rules,and TabUs.and MARINE ENGINEER'S 
AND SURVEYOR'S Handy Book of Reference. By Cleiibnt Mackrow, 
Member of the Institution of Naval Architects, Naval Draughtsman. Fifth 
Edition, Revised and Enlarged to 700 pages, with upwards of 300 Illustra- 
tions. Fcap., 124. 6d. strongly bound in leather. 

Summary of Contents. 



Signs and Symbols, Decimal Frac- 
tions. — Trigonometry. — Practical 
Geometry. — Mensuration. — Cen- 
tres AND Moments op Figures. — 
Moments of Inertia and Radii of 
Gyration. — Algebraical Expres- 
sions for Simpson's Rules. — Me- 
chanical Principles. — Centre of 
Gravity. — Laws of Motion. — Dis- 
placement, Centre of Buoyancy.— 
Centre of Gravity of Ship*s Hull. 
— Stability Curves and Metacen- 
TRBS. — Sea and Shallow-water 
Waves. — Rolling of Ships.— Pro- 
pulsion AND Resistance of Vessels. 
— Speed Trials. — Sailing, Centre 
OF Effort.— Distances down Rivbrs, 
Coast Lines. — Steering and Rud- 
ders OF Vessels. — Launching Cal- 
culations AND Velocities. — Weight 
of Material and Gear. — Gun Par- 
ticulars AND Weight. — Standard 
Gauges.— Riveted Joints and Rivet- 
ing, — Strength and Tests of Mate- 
rials. — Binding and Shearing 
Stresses, etc.— Strength of Shaft- 
ing, Pillars, Wheels, etc. — Hy- 
draulic Data, ETC.— Conic Sections, 
Catenarian Curves.— Mechanical 
Powers, Work.— Board of Trade 
Regulations for Boilers and En- 
gines. — Board of Trade Regula- 



FOR Boilers. — Lloyd's Weight of 
Chains.— Lloyd's Scantlings for 
Ships.— Data of Engines and Ves- 
sels. - Ships' Fittings and Tests.— 
Seasoning Preserving Timber.— 
Measurement of Timber. — Alloys, 
Paints. Varnishes. — Data for 
Stowage. — Admiralty Transport 
Regulations. — Rules for Horse- 
power. Screw Propellers, etc. — 
Percentages for Butt Straps, etc. 
— Particulars of Yachts.— Masting 
AND Rigging Vessels.— Distances 
of Foreign Ports. — Tonnage 
Tables. — Vocabulary of French 
AND English Terms. — English 
Weights and Measures — Foreign 
Weights and Measures. — Decimal 
Equivalents. — Foreign Money,— 
Discount and Wage Tables.— Use- 
ful Numbers and Ready Reckoners 
— ^Tables of Circular Measures.— 
Tables of Areas of and Circum- 
ferences OF Circles. — ^Tables of 
Areas of Segments of Circles.— 
Tables of Squares and Cubes and 
Roots of Numbers. — Tables of 
Logarithms of Numbers. — Tables 
of HyperbolicLogarithms. — Tables 
OF Natural Sines, Tangents, etc— 
Tables of Logarithmic Sines, 
Tangents, etc. 



TioNs FOR Ships. — Lloyd's Rules 

" In these days of advanced knowledge a work like this is of the greatest value. It contains a 
vast amount of information. We unhesitatingly say that it is the most valuable compilation for its 
specific purpose that has ever been printed. No naval architect, engineer, surveyor, or seaman, 
wood or iron shipbuilder, can afford to be without this vroik."— Nautical Magazine. 

"Should be used by all who are engaged in the construction or designs of vessels. . . . WlU 
be found to contain the most useful tables and fonnulae required by shipbuilders, carefully collected 
from the best authorities, and put together in a popular and simple i<xmL."—£Hgifu*r. 

"The professional shipbuilder has now, m a convenient and accessible form, reliable data for 
sdvingmany of the numerous problems that present themselves in the course of his work."— /r^'n. 

"There is no doubt that a pocket-book of this description must be a necessity m the ship- 
building trade. . . . The vMume contains a mass of useful information clearly expressed and 
presented in a handy form."— Marine Engineer. 

Marine Engineering. 

MARINE ENGINES AND STEAM VESSELS (A Treatise 
on). By Robert Murray, C.E. Eighth Edition, thoroughly Revised, with 
considerable Additions by the Author and by George Carlisle, C.E., 
Senior Surveyor to the Board of Trade at Liverpool. i2ino, 5s. cloth boards. 
" Well adapted to give the young steamship engineer or marine engine and boiler maker a 
general introduction into his practical yrotk."— Mechanical tVorld, 

" We feel sure that this thoroughly revised edition will continue to be as popular in the future 
as it has been in the past, as, for its sise, it contains more useful information than ny similar 
U9ati»b."— Industries. 

" As a compendious and useful guide to engineers of our mercantile and royal naval services, 
we should say it cannot be surpassed." — Building News. 

" The information given is both sound and sensible, and well qualified to direct young sea- 
going hands on the straight road to the extra chiet 's certificate. . . . Most useful to surveyors, 
uispectors, draughtsmen, and young engineers."— GAsx^vw Herald. 

C 
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Foeket-Book far Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULM FOR MARINE ENGINEERS, By Fsawk Pkoctos, A.I.NJL 
Third Edition. Royal aamo, leather, gilt edges, with strap, 4s. 

**Wa i«coaaMn4 it to oar reodon m gtrinff fu to supply a long-feh innt " Vmrmf %cim(9. 
** A wtott naoful compaiOoa to «H mrlM onKiaoora."— CMfM&rvte GmMtm. 



Introduction to Marine Engineering. 

ELEMENTARY ENGINEERING : A Manual for Young Marins 
Enginurt and Appr$tUices, In the Form of Qaestlona and Answers on 
Metals, Alloys, Strenf(th of Materials, Constniction and Management ot 
Marine Engines and Boilers, Geometry, &c. &c. With an Appendix of Usefol 
Tables. By John Shbrrbji Brbwkr, Government Marine Surveyor, Hong- 
kong. Second Edition, Revised. Small crown 8vo, ts. cloth. 

" Contalni much valuablo Infomiatloo for the clasi for whom ft b Intended, etpedally In the 
chaptett on the manasfement of boilers and engines."— AaM/VM/ UagaMin*. 

* A oseAil introduction to the more elaborate tezt>books."— Scvl^maw. 

** To a student who has the requisite desire and resolve to attain a thoroosh knowleds^e, lb. 
Brewer oOort decidedly usaAil help."— ^iA<M«wM. 

Navigation. 

PRACTICAL NAVIGATION. Consisting of Thb Sailor's 
Sba-Book, by Jambs Grbbnwood and W. H. Rossbr r t<^ether with the 
requisite Matnematical and Nautical Tables for the Working of the Problems, 
by Hbnry Law, C.E., and Professor J. R. Younq. Illustrated. lamo, 7*. 
strongly half-bound. 

Drawing for 3Iarine Engineers, 

LOCKIE'S MARINE ENGINEER'S DRAWING -BOOK. 
Adapted to the Requirements of the Board ot Trade Examinations. By 
John Lockib, C.E. With sa Plates, Drawn to Scale. Royal 8vo, 3^. 6a. 
cloth. 

** The student who learns from these drawing wID have nothing to unlearn."— £M^f(««r. 
" The examples chosen are essentially practical, and are such as should prove of service to 
engineers generally, while admirably fulfilung their specific purpose."— J/«c%anK»/ fVorid. 

Sailmaking, 

THE ART AND SCIENCE OF SAILMAKING. By Samuel 
B. Sadler, Practical Sailmaker, late in the employment of Messrs. Ratsey 
and Lapthorne, of Cowes and Gosport. With Plates and other Illustrations. 
Small 4to, zas. 6d. cloth. 

Summary op Contents. 
Ch\f. I. Thb Materials used and i — VI. On Allowances.— VII. Calcu- 



THBiR Relation to Sails. — II. On 
THB Centre of Effort. — III. On 
Measuring.— IV. On Drawing. — V. 
On the Number of Cloths required. 



•< 



LATioN OF Gores.— VIII. On Cutting 
Out.— IX. On Roping.— X. On Dia- 
gonal-Cut Sails.— XI. Concluding 
Remarks. 

This work is very ably written, and is illustrated by diagrams and carefuHy worked calcula- 
tions. The work should be in the hands of every sailmaker, whether employer or employed, as it 
cannot fail to assist them In the pursuit of their important avocations."— /j/« of Wight Herald. 

" This extremely practical work gives a complete education in all the branches of the nianu* 
focture, cutting out. roping, seaming, and goring. It is copiously illustrated, and will form a first* 
rate text-book and icx\6»"— Portsmouth Times. 

" The author of this work has rendered a distinct service to all interested in the art of sail, 
making. The subject of which he treats is a congenial one. Mr. Sadler is a practical sailmaker, 
and has devoted years of careful observation and study to the subject ; ana the results of the 
experience thus gained he has set forth in the volume before ma."'— Steamship, 

Chain Cables. 

CHAIN CABLES AND CHAINS. Comprising Sizes and 
Curves of Links, Studs, &c.. Iron for Cables and Chains, Chain Cable and 
Chain Making, Forming and Weldine Links, Strength of Cables and Chains, 
Certificates for Cables, Marking Cables, Prices of Chain Cables and Chains, 
Historical Notes, Acts of Parliament, Statutory Tests, Charges for Testing, 
List of Manufiacturers of Cables, &c. &e. Bv Thomas W. Traill, F.E.R. N., 
M. Inst. C.E., Engineer Surveyor in Chiet, Board of Trade, Inspector of 
Chain Cabld and Anchor Proving Establishments, and General Superin- 
tendent, Lloyd's Committee on Proving Establishments. With numerous 
Tables, Illustrations and Lithographic Drawings. Folio, £i as. cloth, 
bevelled boards. 

" It contains a vast amount of valuable Information. Nothing teems to be waatiiig to 
a complet ) and standard work of reference on the tu\^9Ct,"-^m$iUcmi Ma^^oMitt*, 
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MINING AND METAL LURGY, 

Mining Machinery. 

MACHINERY FOR METALLIFEROUS MINES : A Practical 

Treatise for MiniQe Engineers, Metallurgists, and Managers of Mines. By 

£. Henry Davids, M.E., F.G.S. Crown 8vo, 580 pp., with upwards of 300 

Illustrations, its: 6d. cloth. [Just published, 

" Mr. Davies, in this handsome Tolume, has done the advanced student and the mana^rer of 

mines good service. Almost every kind of machinery in actual use is carefully described, and the 

■woodcuts and plates are good."—Athefurum. 

** From cover to cover the work exhibits all the same characteristics which excise the confi- 
dence and attract the attention of the student as he peruses the tirst pa^e. The work may safely 
be recommended. By its publication the literature connected with the mdustry will be enriched, 
and the reputation of its author enhanced."— ^tn^M/' youmal. 

"Mr. Davies has endeavoured to bring before his readers the best of everjrthhM? in modem 
mining' appliances. His work carries internal evidence of the author's Impartiality, and this con- 
stitutes oae of the great merits of the book. Throughout his work the criticisms are based on his 
•own or other reliable experience.' —Iron and Steel Trades' yournal. 

"The work deals with nearly every class of machinery or aoparatus likely to be met with or 
required in connection with metalliferous mining, and is one wliich we have every confidence in 
recommending."— /Va<^ta>/ Engineer. 

Met(UHferaus Minerals and Mining. 

A TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D. C. Daties, F.G.S., Mining Engineer, &c.. Author oi "A 
Treatise on Slate and Slate Quarrying." Fifth Edition, thoroughly Revised 
and much Enlarged, by his Son, E. Henry Davies, M.E., F.G.S. With about 
150 Illustrations. Crown 8vo, its, 6d, cloth. 
"Neither the practical miner nor the general reader interested In mine* canhave a better book 

for his companion and his giade."—Mimnjg- yaurnal, {MiniHg^ World, 

"We are doing our readers a service m calling their attention to this valuable work." 
" A book that will dot only be useful to the geologist, the practical miner, and the metallurgist 

but also very intere^ing to the general puUic." — Iron. 

" As a history of the present state of mining throughout the world this book has a real value 

and it supplies am actual ynalU"—Ath€naum, 

Earthy Minerals and Mining. 

A TREATISE ON EARTHY &* OTHER 31 IN ERA LS AND 
MINING. Bv D. C. Davies, F.G.S., Author of " Metalliferous Minerals," 
&c. Third Edition, revised and Enlarged, by his Son, E. Henry DavisSi 
M.E., F.G.S. With about 100 Illustration?. Crown 8vo, 12s. 6d. cloth. 
*' We do not remember to have met with any English work on mining matters that '•""tufnt 
Che same amount of information packed in equally convenient form." -"A cadefny. 

" We should be inclined to rank it as among the very best of the handy technical and trades 
■lattuals which have recently appeared."— ^rMrA Quarterly Rtoitm. 

MetaUiferous Mining in the United Kingdom. 

BRTTISH MINING : A TreoHse on the History, Discovery, PtacHcal 
Development, and Future Prospects 0/ Metalliferous Mines in the United King- 
dom. By Robert Hunt, F.R.S., Editor of " Ure*s Dictionary of Arts, 
Manufactures, and Mines," &c. Upwards of 950 pp., with 330 Illustrations. 
Second Edition, Revised. Super-royal 8vo, £2 zs. cloth. 

*' One of the most valnable woilcs of reference of modem times. Mr. Hunt; as Keeper of Mining 
Records of the United Kingdom, has had opportunities for such a task not enjoyed by anyone else 
and has evidently made the most of them. . . . The language and style adopted are good, and 
the treatment of^the various subjects laborious, conscientious, and scienttfic"— ^Ms^'n^erwv*. 

"The book is, in fact, a treasure-house of statistical information on mining subjecte, and we 
know of no other work embodying so great a mass ef matter of this kind. Were this the dnly 
aierit ef Mr. Hunt's volume, it would be sufficient to render it indispensable in the library of 
everyone interested ia the devdopmeat of tbe mining and metall ug jitcalindugteiesof this country." 
—Atkenaum. 

" A mass of Information not el se where available, and of the greatest value to tiiOM irtio maf 
be Interested in our great mineral industries."— fn.r'Mccr. 

Underground Pumping Machinery. 

MINE DRAINAGE. Being a Complete and Practical Treatise 
on Direct-Acting Underground Steam Pumping Machinery, with a Descrip* 
tion of a large number of the best known Engines, their General Utility and 
the Special Sphere of their Action, the Mode of their Application, and 
their merits compared with other forma of Pumping Machinery. By Stbphbm 
MicHBLL. 8vo, ZS5. cloth. 
"Will be h^hly esteoned by coHery ownen and lessee^ Brining englaeen^ and stndents 

Fnerally who require to be acquauted with the best means of securing the orainage of mines. It 
a most valuable work, and stands almost alone ia the Uteratore of steam pumping machlneiy. "— 
Colliery Guardian. 

" Much valuable fatformatfam Is ghren, so that the book Is thoroughly worthy of an extensive 
clreulatioo amongst practical men and purchasers of machinery."— jtffa^wy ypumml. 
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JProspeeHng far Oold and other Metals. 

THE PROSPECTOR'S HANDBOOK: A Guide for the Pro- 
tpector and Traveller in Search of Metal* Bearing or other Valoable If ineralSk 
By J. W. AKDnsoN, M.A. (Camb.), F.R.G.S., Anthor of "Fiji and New 
Caledonia." Fifth Edition, thonmghly Reriaad and Snlarged. Small 
crown 8to, s<> &<• cloth. 



**WII1 tapply a onch Mt wmat mtp mMfy mmoBg C e io a iaita, In whoM wnr ara lo oftan ttannm 



■any mia«rafosical spadmens the valiM of which itis dHBcult to ( 

'How to tod comiBcrclal minoimls, and bow to identify th— wlien they are fBond, an tba 



I M ding points to which attention is difected. The author has managed to pa^ as 
delafltaito" 



> hit pages as would supply material for a ImoIi three times to siaa."— i f< e*%r 

Mining Notes and Formulas. 

NOTES AND FORMULJE FOR MINING STUDENTS. By 

tOHM Hbrman Mbrivals, M. a., Certificated Colliery Manager, ProCMSor of 
fining in the Durham College of Science, Newcaatle-npon-Tyne. Third 
Edition, Reviaed and Enlarged. Small crown 8vo, as. 6d. cloth. 

** Invaluable to anyone who Is working np for an esamiaatioa <m sslning subjects."— /rwi atui 
CsmI TrmtUs Rtvitw, 

**The anthor has done Us work hi on eaiemdiiigty creditable manner, and has prodnced a book 
that win be of ssnrice to students, and those who are practically engaged in mtaafaig ope rat ions."— 

Handybook for Miners* 

THE MINER'S HANDBOOK : A Handy Book of Reference on 
the Sobiects of Mineral Deposits, Mining Operations, Ore Dressing, &c. 
For the use of Students and others Interested in Mining matters. Compiled 
by John Milns, F.R S., Professor of Mining in the Imperial University of 
Japan. Revised Edition. Fcap. 8vo, 75. &/. leather. [Just publuked. 

" Profcuor Milne's handboolc is sure to be received with favour by all connected with minlnjc. 
and win be extremely popular among students."— ^M^furwm. 

Miners^ and Metallurgists^ Focket'Book, 

A POCKET-BOOK FOR MINERS AND METALLURGISTS. 
Comprising Rules, Formulas, Tables, and Notes, for Use in Field and Office 
Work. By F. Damvbrs Power, F.G.S., M.E. Fcap. 8vo,9s. leather, gill 
edges. 

** This excellent book Is an admirable example of Its kind, and ought to find a large sal» 
tmongst English-speaking prospectors and mining engineers."— £^ytf^M«»n'»i^. 

"Miners and mctalluwUts will find in this work a useftil iw<£r-m«rwm containing a msss of 
ules, foimuUe, Ubles. and various other information, the necessity for reference to which occurs la 
eir daily duties."— /ron. 

Mineral Surveying and Valuing* 

THE MINERAL SURVEYOR AND VALUER'S COMPLETE 

GUIDE t comprising a Treatiu on Improved Mining Summing and the Valuaf 

turn of Mining Properties, with New Traverse Tables. By Wu. Lints rm. 

Third Edition. Enlarged, ismo, 4s. cloth. 

" Mr. Lintern s book forms a valuable and thoroughly trustworthy guide."— /fVM Mid Coa 
TVtuUs Rtvitw. 

Asbestos and its Uses. 

ASBESTOS: Its Prop^tieSt Occurrence, and Uses, With some 
Account of the Mines of Italy and Canada. By Robert H. Jones. Witb 
Eight Collotype Plates and other Illastratioos. Crown 8vo, zai. 6d, doth. 
** An interesting and invaluable work."— Cp/Oifry Guardian, 

Explosives. 

A HANDBOOK ON MODERN EXPLOSIVES. Being a 
Practical Treatise on the Manufacture and Application of Dynamite, Gun- 
Cotton, Nitro-Glycerine, and other Explosive Compounds. Including the 
Manufacture of Collodion-Cotton. By M. Eisslbr, Mining Engineer and 
Metallnrcical Chemist, Author of " The Metallurgy of Gold," " The MetaK 
lurgy of Silver," &c. With about xoo lUnsts. Crown 8vo, xos. 6d. cloth. 

" Useful not only to the miner, but also to officers of both services to whom blasting and the 
u«e of explosives generallv may at any time become a necessary auxiliary."— A^a/urr. 

** A veritable mine of information on the subject of explosives employed for military, mining-, 
and blasttrg purposes."— ^rmy and Navy GaxctU, 
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Colliery Management. 

THE COLLIERY MANAGER'S HANDBOOK: A Compre- 
hensive Treatise on the Laying-out and Working of Collieries, Designed as 
a Book of Reference for Colliery Managers, and for the Use of Coal-Mining 
Students preparing for First-class Certificates. By Calsb Pam sly, Mining 
Engineer and Surveyor : Member oi the North of England Institute ot 
Mining and Mechanical Engineers ; and Member of the South Wales Insti- 
tute of Mining Engineers. With nearly soo Plans, DiagramSi and other 
Illustrations. Second Edition, Revised, with Additions. Medium 8vo, about 
700 pages. Price £1 5s. strongly bound. 

Summary op Contents. 

Geology. — Search for Coal.— The Priestman Oil Engine ; Petro- 

MiNERAL Leases and other Hold- leum and Natural Gas— Surveying 

iNGS.— Shaft Sinking.— Fitting Up and Planning. — Safety Lamps and 

THE Shaft and Surface Arrange- Fire- Damp Detectors.— Sundry and 



•MENTS. — Steam Boilers and their 
Fittings. — ^Timbering and Walling. 
— Narrow Work and Methods of 
Working. — Underground Convey^ 
ance. — Drainage. — ^The Gases met 
WITH in Mines; Ventilation. — On 
THE Friction of Air in Mines.— 



Incidental Operations and Appli- 
ances. — CollibryExplosions.— Mis- 
cellaneous Questions & Answers. 

Appendix: Summary of Report op 
H.M. Commissioners on Accidents 

IN Mines. 



*♦* Opinions of the Press. 

" Mr. Pamely has not only s^iven us a comprehensive reference book of a very high order, 
suitable to the requirements of mining engineers and colliery managers, but at the same time has 
provided mimng students with a class-book that is as interesting as it is instructive."— C9//^»y 
Mafuuvr. 

" Mr. Pamely's work is eminently suited to the purpose for which it is intended— bdng clear, 
interesting, exhaustive, rich in detail, and up to date, giving descriptions of the rety latest 
«nachines m every department. . . . Amioingengineercouldscarcely go wrong who followed 
this work." — CotlUry Guardian. 

"This is the most complete 'all round' work on coal-mining published in the Englbh 
language. ... No library of coal-mining books is complete without it." — CoUitty EMgrineer 
<Scranton, Pat., U.S.A.). 

" Mr. Pamely's work is in all respects worthy of our admiration. No person in any responsible 
position connected with mines should be without a copy." —fFestminster Review. 

Coal and Iron. 

THE COAL AND IRON INDUSTRIES OP THE UNITED 
KINGDOM, Comprising a Description of the Coal Fields, and of the 
Principal Seams of Coal, with Returns of their Produce and its Distribn- 
tion, and Analyses of Special Varieties. Also an Account of the occurrence 
«f Iron Ores in Veins or Seams ; Analyses of each Variety ; and a History oi 
the Rise and Progress of Pig Iron Manufacture. By Richard Mbadb, Assistant 
Keeper of Mining Records. With Maps. Svo, £1 8s. cloth. 
"The book is one which must find a place on the shelves of all faiterosted In ooel and Iroa 

ptoductlon, and in the iron, steel, and other metallurgical industries."— ^My^iMvr. 

**0f this book we may unreservedly say that it is the best of its class which we have ever met. 

... A book of reference which no one engaged in tihe iron or coal tndes ahoidd omit firom hla 

'library.''— /fVM and Coal IVmdts Rtview. 

Coal Mining. 

COAL AND COAL MINING: A Rudimmtary TveaHu on. By 
the late Sir Warinotom W. Smyth, M.A., F.R.S., &c., Chief Inspector of the 
Mines of the Crown. Seventh Edition, Revised and Enlarged. With 
numerous Illustrations, xamo, 45. cloth boards. 
"As an outHne is given of eveiT known coal-field in this and other coontrles, as weDas of the 

£faidpal methods of working; tlie book will doubtieM inteiect a very large number of readars."— 
iniMgyMimal, 

Subterraneous Surveying. 

SUBTERRANEOUS SURVEYING, Elementary and PracHeal 
Treatise on, with and without the Magnetic Needle. By Thomas Fbnwxck, 
Surveyor of Mines, and Thomas Baker, C.E. lUust. zamo, 3s. cloth boards. 

€franite Quarrying. 

GRANITES AND OUR GRANITE INDUSTRIES. By 
Gborob F. Harris, F.G.S., Membre de la Soci6t6 Beige de G^lorie, Lec- 
turer on Economic Geology at the Birkbeck Institution, &c. With Tllnstra- 
tions. Crown 8vo, as. 64. cloth. 

■*' A clearly and well-written manual on the granite Industry."— %)0/f»MaM. 

" An interesting work, which will be deservedly esteemed."— Catf^vy Guardian. 

" An exceedingly interesting and valuable monograph on a subject wUch has hitherto received 
Tonaccountably little attention in the shape of qrstematic Uterary treatment."— 5a>//i.r/i Leader. 
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CSfoldy MeUMurgy of, 

THE METALLURGY OP GOLD : A Practical Treatise on the 
Metellurgical Treatment of Gold-bearing Ores. Including the Procescee of 
Concentration and Cblorination, and the Assaying. Meltinr, and Refining of 
Gold. By M. EissLsa, Mining engineer and lletallargcal Chemist, formerly 
Assistant Assayer of the U.S. Mint, San Frandsco. Third Bdition, Revised 
and greatly Bmarged. With 187 Illnstrations. Crown 8to, xas. 6d, doth. 

** Thh book thotoughly dntrwm to titte of ■ * Pmctkil Trertita.' Tlia whole procMi of gold 
■dBing. from th« breaunc of tb« qtiaxU to tlM »ma.r of tho buUkm. Is doicrlbed In claat muI 
ovdomr narratlTO SDd whh much, but not too much, ftilnMi of dotalL"— 5«/wrA|>' J?«vmr. 

** Tho work b a storehouse of hifomiation and vahiattk data, and «« stroogly rocommuid h t» 
•B |»ffofaarioas1 aoa ongafod in tho gold-miiiliic ladutiy."— Jf dM>v S^firmu, 



Silver, Metallurgy of. 

THE METALLURGY OP SILVER : A Practical Treatise on 
the Amalgamation, Roasting, and Liziviation of Silver Ores. Including the 
Assaying, Melting and Refining, of Silver Bnllion. By M. Eisslkr. Author 
of *'The Metallurgy of Gold,*' &c. Second Edidoa, Enlarged. With 150 
lUnstraCions. Crown 8vo, 10s. 6d. cloth. 



" A pnctieal ttoatbe^ and a technical work which we are coovlnced wD snoplT a long-felt want 
amongst oractical men, and mt the same tfanebeof yahie to students and otheniadirectiycomiected 
with the industries."— Af^Hifv ycttrmii. 

" From first to last the book is thoroughly sound and leBable."— C«/Mrfy GuartHan, 
" For chemists, practical miners, assayers, and investors alike, we do not know of any wock 
on the mblect so handy and yet so comprehensiTe."— Cile^fvav HtraUU 

Leadf Metallurgy of. 

THE METALLURGY OP ARGENTIFEROUS LEAD: A 
Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of 
Lead Bullion, Including Reports on various Smelting Establishments and 
Descriptions of Modem Smelting Furnaces and Plants in Europe and 
America. By M. Eisslbk, M.E., Author of "The Metallurgy of Gold," ftc. 
Crown 8vo, 400 pp., with 183 Illustrations, xas. 6d. cloth. 

" The numerous metallurgical processes, which are fuDy and extenslTely treated of, embrace 
an the stages experienced in the passage of the lead from the various natural states to its issue 
from the refinery as an article o{ comTawc^."— Practical £nt***^**'' 

*' The present volume AiUy maintains the reputation of the author. Those who wish to obtain 
a thorongh insight into the present state of this industiv cannot do better than read this volume, 
and all nuning engineers cannot fail to find many useful hints and suggestions in St."— Industries, 

" It is most carefully written and illustrated with capital drawings and diagrams. In fact, it ia 
the work of an expert for experts, by whom it will be prised as an indispensable text-book."— 
Bristol Mercury, 

Iron, Metallurgy of. 

METALLURGY OF IRON. Containing History of Iron Manu- 
facture, Methods of A&say, and Analyses of Iron Ores, Processes of Mann- 
facture of Iron and Steel, &c. By H. Baubrman, F.G.S., A.R.S.M. With 
numerous Illustrations. Sixth Edition, Revised and Enlarged, ismo, 
5s. G(f. cloth. 

" Carefully written, it has the merit of brevity and conciseness, as to less important points 
while aU material matters are veiy fully and thoroufi^y entered \bXo."— Standard, 

Iron Mining. 

THE IRON ORES OF GREAT BRITAIN AND IRELAND : 
Their Mode of Occurrence, Age, and Origin, and the Methods of Searching 
for and Working them, with a Notice of some of the Iron Ores of Spain. 
By J. D. Kendall, F.G.S., Mining Engineer. With Plates and Illustra- 
tions. Crown 8vo, x6s. cloth. 
" The author has a thorough practica knowledge of his subject, and has supplemented a care- 
ful study of the available literature by unpublished information derived from his own observations. 
The result is a very useful volume which cannot foil to be of value to all interested in the iron 
Industry of the coxxntry."— Industries. 

** Constitutes a systematic and careful account of our present knowledge of the origin and oc- 
currence of the iron ores of Great Britain, and embraces a description of the means employed in 
reaching and working these ores."— Iron. 

" Mr. Kendall is a great authority on this subject and writes from personal observntion." 

Colliery Guardian. 

" Mr. Kendall's book is thoroughly well done. In It there are the outlines of the history of 
ore mining in every centre and there is everything that ive want to know as to the character of the 
ores of each district, their commercial %alue and the cost of working them. '—Iron and Steel 
2'rades Jonmal. 
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ElectricaZ Engineering. 

THE ELECTRICAL ENGINEER'S POCKET-BOOK OP 
MODERN RULES, FORMULA, TABLES, AND DATA. By H. R. 
Kemps, M.Inst.E.E.t A.M.Inst.C.E., Tecbnical Officer, Postal Telegraphs, 
Author of " A Handbook of Electrical Testing/' &c. Second Edition, 
thoroughly Revised, with Additions. With numerous Illustrations. Royal 
32mo, oblong, 55. leather. 

** There Is very little in the shape of formulae or data which the electrician is likely to want 
In a hurry which cannot be found in its wgcs."— Practical Engineer. 

"A very useful book of reference for daily use in practical electrical engineering and its 
various applications to the industries of the present day." — IroK, 
•• It is the best book of its ViaA."—EUctHcal Engineer. 

"Well arranged and compact. The ' Electrical Engineer's Pocket- Book ' is a good one."— 
Electrician. 

"Strongly recommended to those engaged in the Tarioos electrical industries."— fJ^rtoz/ 
Review, 

Electric Lighting. 

ELECTRIC LIGHT FITTING : A Handbook for Working 
Electrical Engineers, embodying Practical Notes on Installation Manage* 
ment. By John W. Urquhart, Electrician, Author of " Electric Light." &c. 

With numerous Illustrations. Second Edition, Revised, with Additional 

Chapters. Crown 8vo, 55. cloth. 

" This volume deals with what may be termed the mechanics of electric lighting, and h 
addressed to m;n who are alreadv engaged in the work or are training for it. The work traverses 
a great deal of ground, and may Se read as a sequel to thft same author's useful work on ' Hlectfic 
L^ht' '^—Electrician. 

" This is an attempt to state In the simplest lanjgfuage the precautions which should be adopted 
In installing the electric light, and to give information. Tor the guidance of those who have to run 
the plant when installed. The book is well worth the perusal of the workmen for whom it is 
writtea."— Electrical Review/. 

" We have read this book with a good deal of pleasure. We believe that the book will be of 
use to practical workmen, who will not be alarmed by finding mathematical formulae which they 
are unable to understand."— £'/*rfr*ca//'/a«^. 

" Eminently practical and useful. . . . Ought to be in the hands of everyone in charge of 
an electric light piaat."— Electrical Ertgineer, 

" Mr. Urquhart has succeeded in producing a really capital book, which we have no hesitation 
In recommending to the notice of working ewctridans and electrical engineers."— if <rcAaMiiea/ 
fFbrld. 

Electric Light. 

ELECTRIC LIGHT : Its Production and Use, Embodying Plain 

Directions for the Treatment of Dynamo-Electric Machines, Batteries. 

Accumulators, and Electric Lamps. By J. W. Urquhart, C.E., Author of 

"Electric Light Fitting," "Electroplating," &c. Fifth Edition, carefully 

Revised.with Large Additions and 145 Illustrations. Crown 8vo, 75. 64. cloth. 

" The whole ground of electric lighting is more or less covered and explained in a very clear 
and concise vaaian^t."— Electrical Review. 

" Contains a good deal of very interesting information, especially in the parts where the 
author gives dimensions and » orking costs."— Electrical Engineer. 

" A miniature vatU-mecum of ue salient facts connected with the science of electric light- 
ing." — Electrician. 

" You cannot for your purpose have a better book than ' Electric Light,' by Urquhart."— 
En£ineer. 

" The book is by for the best that we have yet met with on the SM\>^ecX."—AtJunaum, 

Construction of Dynamos. 

DYNAMO CONSTRUCTION : A Practical Handbook for the Uss 
of Engineer Consiructors and Electricians-in-Charge, Embracing Frame- 
work Building, Field Magnet and Armature Winding and Grouping, Com- 
pounding, &c. With Examples of leading English, American, ana Conti- 
nental Dynamos and Motors. By J. W. Urquhart, Author of "Electric 
Light," " Electric Light Fitting," &c. With upwards of zoo Illustrations. 
Crown 8vo, ys. 6d. cloth. 

*' Mr. Urquhart's book is the first one which deals with these matters in such a way that the 
engineering student can understand them. The book is very readable, and the author leads his 
readers up to difficult subjects by reasonably simple tesXs."— Engineering Review. 

" The author deals With his subject in a style so popular as to make his volume a handbook of 

Seat practical value to engineer contractors and electricians in charge of lighting installations."— 
otsnuxn. 
" ' Dynamo Construction ' more than sustains the high character of the author's previous 
publications. It is sure to be widely read by the large and rapidjy-increasing number of practicil 
tfectridans."— G/oJ-^tfw Herald. 

*' A book for which a demand has long existed."— JlfircAaM^a/ fTorU. 
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A yew IHctionary of Electricity. 

THE STANDARD ELECTRICAL DICTIONARY. A Popu- 
lar Dictionary of Wordi aod Terms Used in the Practice of Electrical Engi- 
neering. Containing upwards of 3,000 Definitions. By T. O'Conmok Si^anb 
A.M., Ph.D.. Author of "The Ahthmetio of Electricity," &c. Crown 8vo, 
630 pp., 350 Illustrations, 7s. 6d. cloth. U^^ published. 

" The work has many attractive features in it, and is beyond doubt, a well put together and 

useful publicat'on. The amount of ground covered may be gathered from the fact that in the 

index about 5.000 references will be found. The inclusion of such comparatively modem words 

as * impedence.' 'reluctance,' &c., shows that the author has desired to be ud to date, and indeed 

there are other indications of carefulness of compilation. The worlc is one which does the author 

great credit and it should prove of great value, e>^ pedally to students." — Electrical Review. 

" We have found the book very complete and reliable, and can, therefore, commend ic 

hwi^y."— Mechanical World. 

" Very complete and contains a large amount of uaefhl information."— /n<fMX/r£ef. 

*' An enqydopaedia of electrical science In the compass of a dictionary. The information 

glvea is sound ann clear. The book is well printed, well iUustnted, and well up to date, and may 

M confidently recommended."— J^MtiSi^r. 

** We hail the appearance of this little work as one which win meet a want that has been keenly 

felt for some time. . . . The author is to be congratuUted on the excellent manner in which 

he has accomplished his task."— iV»r/^a/ Engineer. 

" The volume is excellently printed and illustrated, and should form part of the library of 

every one who is directly or mcUrectly connected with electrical matters.'— ^ari/warr Trade 

youmat. 

Electric Lighting of Ships. 

ELECTRIC SHIP.LIGHTING : A Handbook on the Practical 
Fitting and Running of Ship's Electrical Plant. For the Use of Shipowners 
and Builders, Marine Electricians, and Sea-going Engineers-in-Charge. By 
J. W. Urquhart, C.E.. Author of ** Electric Light," ftc. With 88 illustra- 
tions. Crown 8vo, 7s. &/. clotb. 



*' The subject of ship electric lighting is one of vast Importance in these days, and Mr. Urqu- 
Hart is to be highly complimented for placing such a valuable work at the service of the practical 
marine electrician."— 7a« Steamship. 

** Distinctly a book which of its kind stands almost alone, and for which there should be a 
&tmaaA."—Eiectrical Review. 

EHeetrie JLighting. 

THE ELEMENTARY PRINCIPLES OP ELECTRIC LIGHT- 
ING, By Alam A. Campbell Swimton, Associate I.E.E. Third Editiooi 
Enlarged and Revised. With 16 Illustrations. Crown 8to, zs. 6d. doth. 



''Anyone who desires a short and thoroughly dear enosltkm of the elementaiy principles of 
electric -iigfating cannot do better than read this little woAT—Brmd^brd Okuvv m , 



Dynamic Electricity. 

THE ELEMENTS OF DYNAMIC ELECTRICITY AND 

MAGNETISM. By Philip Atkinson, A.M., Ph.D., Author of " Elements 
of Static Electricity," " The Elements of Electric Lighting," &a &c. Crown 
8to, 417 pp., with Z30 Illustrations, zos. 6d. cloth. 

Electric Motors, d:c. 

THE ELECTRIC TRANSFORMATION OF POWER and its 
Application by the Electric Motor, including Electric Railway Construction. 
By P. Atkinson, A M., Ph D , Author of " The Elemen's of Electric Light- 
ing," &c. With 96 Illustrations. Crown 8vo, 75. 6d. cloth. 

Dynamo Construction. 

HOWTOMAKEA DYNAMO: A Practical TnaHu for Amateurs. 
Containing numerous Illustrations and Detailed Instructions for Construct- 
ing a Small Dynamo, to Produce the Electric Light. By Alfrbo Crofts. 
Fourth Edition, Revised and Enlarged. Crown 8vo, as. cloth. 
**The Instructions given n this unpretentious little book are sufficiently dear and explicit to 

enable any amateur mechanic possessed of average skill and the usual tools to be found in an 

amateur's workshop, to buUd a practical dynamo machine."— f/ccTrMoM. 

Teoct Book of Electricity. 

THE STUDENTS TEXT-BOOK OF ELECTRICITY. By 
Hbmbt M. Noad, F.R.S. 630 pages, with 470 Illustrations. Cheaper Edition. 
Crown 8vo, 9s. cloth. [Just published, 

WElectrid tn 

A MANUAL OP ELECTRICITY: Including Galvanism, Mag. 
neti$m, Dia^MagnOism, Btectro-Dynamies, By Hbmrt M. Noad Ph.D., F.R.S. 
Fourth Edition (1859). 8to, £1 45. cloth. 
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ARCHITE CTURE, BUILD INO, eto. 

Building Construction. 

PRACTICAL BUILDING CONSTRUCTION: A Handbook 
for Students Preparing for Examinatioos, and a Book of Reference for 
Fersons Engaged in Building. Bv John Parnell Allen, Surveyor, Lec- 
turer on Building Construction at the Durham College of Science, NewcasUe- 
on-Tyne. Medium 8vo, 450 pages, with 1,000 Illustrations. 12s, 6d. cloth. 

[Just published. 
" This volume Is one of the most complete expositions of building* constructfon we have seen. 
It contains all that is necessary to prepaze students for the various examinations In building con- 
struction."— ^M«/df«N!f News. 

" The author depends nearly as much on his diagrams as on his type. The pa^^ suggest 
the hand of a man of experience in building operations— and the volume must be a blessing to 
-many teachers as well as to students." — The Architect. 

" This volume promises to be the recognised handbook in all advanced classes where bu'ldingf 
construction is taught from a practical point of view. We strongly commend thfl l>oolc to the 
notice of all teachers of building construction." — Technical World. 

" The work is sure to prove a formidable rival to great and small competitors alike, and bids 
/air to take a permanent place as a favourite students' text-book. The large number of Ulustni- 
lions deserve particular mention for the great ment they possess for purposes of reference, in ex- 
actly corresponding to convenient scales."— ^aur. Inst. Brit. Archts. 

Concrete. 

CONCRETE: ITS NATURE AND USES, A Book for 

Architects, Builders, Contractors, and C lerks of Works. By George L. 

SuTCLiFFE, A.R.I.B.A. 350 pages, with numerous Illustrations. Crown 8vo, 

7s. 6d. cloth. ljh*st published. 

" The author treats a difficult subject in a lucid manner. The manual fills a long-fe't gap. It 
Is careful and exhaustive ; equally useful as a student's guide and a architect's book of reference.' 
— JoumeU of Roy€U InstiHuion of British Architects. 

" There is room for this new book, which will probably be for some time the standard work on 
Ohe subject for a builder's purpose. "-H?Au:p-<7w Herald. 

" A thoroughly useful and comprehensive work."— j?rK^A ArJtitect, 

Mechanics for Architects. 

THE MECHANICS OF ARCHITECTURE : A Treatise on 
Applied Mechanics, especially Adapted to the Use of Architects. By B. W. 
Tarn, M.A., Author of " The Science of Building," &c. Second Edition, 
Enlarged. lUust. with 125 Diagrams. Cr. 8vo, 7s. td. cloth. {Jusi published^ 
** The book is a very useful and heloful manual of architectural mechanics, and really contains 
sufficient to enable a careful and painstaking student to grasp the principles bearing upon the ma- 
jority of building problems. . . . Mr. Tarn has added, by this volume, to the debt of gratitude 
which is owing to him by architectural students for the many valuable works which he has pro- 
duced for their use." — The Builder. 

" The mechanics in the volume are really mechanics, and are harmoniously wrought in with 
<he distinctive professional manner proper to the subject. Tne diagrams and type are commend- 
ably dear."— TTt^ Schoolmaster. 

The New Builder's Brice Book, 1894. 

LOCKWOOD'S BUILDER'S PRICE BOOK FOR .1S94. A 

Comprehensive Handbook of the Latest Prices and Data for Builders. 

Architects, Engineers, and Contractors. Re-constructed, Re-written, and 

Greatly Enlarged, By Francis T. W. Miller. 700 closely-printed pages, 

crown 8vo, as. cloth. 

" This book Is a very useftil one, and should find a place in every English office connected with 
the building and engineering professions."— /n^/Mj/y^fer. 

" An excellent book of reference." — Architect. 

" In its new and revised form this Price Book is what a work of this Idnd should be— compr»> 
hensive, reliable, well arranged, legible, and well bound."- ^ri^A ArchUtxL 

Designing Buildings. 

THE DESIGN OF BUILDINGS: Being Elementary Notes 
on the Planning, Sanitation and Omamentive Formation of Structures, based 
on Modern Practice. Illustrated with Nine Folding Plates. By W. Wood- 
ley, Assistant Master, Metropolitan Drawing Classes, &c. Demy 8vo, 6s. 
cloth. [Just published. 

Sir Wm. Chambers's Treatise on Civil Architecture. 

THE DECORATIVE PART OF CIVIL ARCHITECTURE. 
By Sir William Chambers, F.R.S. With Portrait, Illustrations, Notes, and 
an Examination of Grecian Architecture, by Joseph Gwilt, F.S.A. Revised 
and Edited by W. H. Lbbos. 66 Plates, 4to, a». cloth. 
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ViUa Architecture. 

A HANDY BOOK OP VILLA ARCHITECTURE: BHng a 
Stfin of Dnigm for Villa Rttidencn in variom Styltg, With OntliB* 
Specifications and Estimates. By C. Wickks, Architect, Anthor of '*Tbe 
Spires and Towers of BnKlaod," Ac. 6i Plates, 4to, £i ixs. 6d, half-morocco. 
" The wlioto of tbm dolgiis be«r ev1d«nc« of th«lr belnff tlM work of an srtlttlc aichitect, and 
tbmf wU prove very vsloeble and suggestive."— i^wiMifV' ^*nM* 

Text^Book for Architects, 

THE ARCHITECT'S GUIDE: BHng a Text-Book of Useful 
InfoftnoHom fcf ArehiUets, Bngineert, Sutveyon, Comtracton, Clerks of 
Worktt €tc. irc. By FRCDsaiCK Roobks, Architect Third Edition. Crown 
8vo, 3i. td, cloth. 

**As e text-book of aseflil Information for architects, engineers, suf v e yors, &c. It would be 
havd to find a handler or naore complete little vokune."— Jiteiv^nl. 

Taylor and {^resy's Rome* 

THE ARCHITECTURAL ANTIQUITIES OP ROME. By 
the late G. L. Taylor, Esq., F.R.I. B. A., and EowAmo Ckbst, Esq. New 
Edition, thoroughly Revised by the Rev. Albzakdbk Tatlok, M.A. (son of 
the late G. L. Taylor, Esq.), Fellow of Qneen's College, Oxford, and Chap- 



lain of Gray's Inn. Large folio, with 13c Plates, £3 3s. half-bound. 
'* Taylor and Crcsy's work has from Its firs 
books which cannot be h^XXtx^t"— Architect. 



)« 



Taylor and Crcsy's work has from Its first pobhcatlon been ranked aaoag those profesSkmal 



lAnear ^Perspective, 

ARCHITECTURAL PERSPECTIVE : The whole Course and 

Operations cf the Draughtsman in Drawing a Large House in Linear Per- 

SMctive. Illustrated by 43 Folding Plates. By F. O. Fbkcuson. Second 

i edition. Enlarged. Bvo, 31. 6d. boards. [Jui^ published, 

I " It is the most intelligible of the treatises on this U treated subject that 1 have met with."— 

E. INGRESS Bell, Esq.. in the RJ.B.A. Journal, 

Architectural l>ratving» 

PRACTICAL RULES ON DRA WING, for the Operative Builder 
and Young Student in ArchUeUure. By Gborgb Pymb. With 14 Plates, 4to, 
7t. 6d. boflurds. 

Vitruvius* Architecture. 

THE ARCHITECTURE of MARCUS VITRUVIUS POLLIO, 
Translated by Joskph Gwilt, F.S.A., F.R.A.S. New Edition, Revised by 
the Translator. With 33 Plates. Fcap. 8vo, js. cloth. 

Designing, Measwring, and Valuing, 

THE STUDENTS GUIDE to the PRACTICE of MEASUR- 
ING AND VALUING ARTIFICERS' WORK. Containing Directions for 

! taking Dimensions, Abstracting tbe same, and bringing the Quantities into 

Bill, with Tables of Constants for Valuation of Labour, and for the Calcula- 

I tion of Areas and Solidities. Originally edited by Edward Dobsom, Architect. 

I With Additions by B. Wtndham Tarn, M.A. Sixth Edition. With SPUtet 

and 63 Woodcuts. Crcwn 8vo, 7s, 6d, cloth. 

I " This edition win be found the most complete treatise on the prindplei of measuiing and 

I tahilng artificers' work that has yet been published."— ^M»/tfi»^ Atws, 

, docket Estimator and Technical Guide. 

' THE POCKET TECHNICAL GUIDE, MEASURER, AND 

ESTIMATOR FOR BUILDERS AND SURVEYORS, Containing Tech- 

I nical Directions for Measuring Work in all tbe Building Trades, Complete 

Specifications for Houses, Roads, and Drains, and an easy Method of Estimat- 
ing the parts cf a Building collectively. By A. C. Bbatom. Sixth Edit. 
Waistcoat-pocket size, x«. 6a. leather, gilt edges. 
" No builder, architect, surveyor, or vahier should be wlthont his * Beaton.' "— BniUinr JVrsoi. 

Donaldson on Specifications, 

THE HANDBOOK OP SPECIFICATIONS: or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing up 
Specifications and Contracts for Works and Constructions. Illustrated by 
Precedents of Buildings actually executed by eminent Architects and En- 

Sineers. By Professor T. L. Donaldson, P.R.I.B.A., &c. New Edition, 
vo. with upwards of r.ooo page* of Text, and 33 Plates. £1 lis, 6d, cloth. 
"Valuable as a record, and more valuable stiU as a book of precedents. . . . Suflice It to 
i say that Donaldson's ' Handbook of Specifications ' must be bought by all architects."— ^w^Mrr. 
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Btirtholotnetv and Rogers^ Specificatiotis, 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 
A Guide to the Architect, Engineer, Surveyor, and Builder. With an Essay 
on the Structure and Science of Modern Buildings. Upon the Basis of the 
Work by Alfred Bartholomew, thoroughly Revised, Corrected, and sreatlv 
added to by Frederick Rogers, Architect, Third Edition, Revised, with 
Additions, With numerous Illustrations. Medium 8vo, 155. cloth. 
" The collection of spedfications prepared by Mr. Refers on the basis of Bartholomew's work 

1 i too well known to need any recommendation from us. It is one of the books with which every 

young architect must be eqQipptd,''^iirckittct, 

Canstructianm 

THE SCIENCE OP BUILDING : An Elementary TrMtise on 
the Principles of Construction, By E. Wyndham Tarn, M.A., Architect. 
Third Edition, Revised and Enlarged. With 59 Engravings. Fcap. 8vo, 4s. d. 
" A very valuable book, which we strong^ly recommend to all students. —^Mi^tfcr. 

Mouse Building and Repairing. 

THE HOUSE-OWNER'S ESTIMATOR ; or, What wUl it Cost 
to BuUd, Alter, or Repair? A Price Book for Unprofessional People, as 
well as the Architectural Surveyor and Builder. By J. D. Simon. Edited by F. 
T. W. Miller, A.R.I.B.A. Fourth Edition. Crown 8vo, 3s. 64. cloth, 
"la two years it win repay its cost a aoimIzmI dmos tnvi"-~Field. 

Cottages and Villas. 

COUNTRY AND SUBURBAN COTTAGES AND VILLAS: 
How to Plan and Build Them. Containing 33 Plates, with Introductioni 
General Explanations, and Description of each Plate. By James W. BoguB} 
Architect, Author of " Domestic Architecture," &c, 4to, los. td» clotht 

Building ; Civil and Ecclesiastical. 

A BOOK ON BUILDING, Civil and EcclesiasHcah including 
Church Restoration ; with the Theory of Domes and the Great Pyramid, &c> 
By Sir Edmund BeckstTi Bart., LL.D., F.R.A.S. Second Edition. Fcap. 
8vo, 55. cloth. 
" A book which is always amusing; and nearly always Instructive."— Tifowx. 

Sanitary Houses^ etc. 

THE SANITARY ARRANGEMENT OF DWELLING- 
HOUSES: A Handbook for Householders and Owners of Houses. By A. 
J. Wallis-Tayler, A.M. lest. C.E. With numerous Illustrations. Crown 
8vo, 25. 6d. cloth. [3^^ published. 

Ventilation of Buildings* 

VENTILATION, A Text Book to the Practice of the Art of 
Ventilating Buildings. By W. P. Buchan, R.P. izmo, 4s. cloth. 
" Contains a great amount of useful practical information, as thoroughly interesting as it is 
technically leliable."— jffrf/irA Architect. 

The Art of Plumbing. 

PLUMBING. A Text Book to the Practice of the Art or Craft of 
the Plumber. By William Paton Buchan, R.P. Sixth Edition, Enlarged. 
x2mo, 4s. cloth. 
"A text-book which may be safely put in the hands of every young plumber."— .5»i/d?rr. 

Geometry for the Architect^ Engineer f etc. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic. Giving Rules for the Delineation and Application of various 
Geometrical Lines, Figures and Curves. By E. W. tarn, M.A., Architect. 
8vo, 9s. cloth. 

" No book with the same objects In view has ever been published In which the clearness of th* 
rules laid down and the illustrative diagrams have been so 8atis£au:tory."-^S«0<!mfai>« 

The Science of Oeometry. 

THE GEOMETRY OP COMPASSES; or, Problems Resolved 
by the mere Description of Circles, and the use of Coloured Diagrams and 
Symbcls, By Oliver Byrnp. Coloured Plates. Crown 8vo, 35. td, cloth. 
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OABPE NTRY, TIM BER, eto. 
nredgoWs Carpentry , Revised <0 EMarged by Tarn. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY. 
A Trefttise on the Pressure and Eqailibrinm of Timber Framing, the Resist- 
ance of Timber, and the Construction of Floors, Arches, Bridges, Roofs, 
Unitinc Iron and Stone with Timber, Ac. To which is added an Essay 
on the Nature and Properties of Timber, Ac., with Descriptions of the kinda 
of Wood used in Buildmg ; also numerous Tables of the Scantlings of Tim- 
ber for different purposes, the Specific Gravities of Materials, Ac. Bt Thomas 
Trbdoold, C.B. With an Appendix of Specimens of Various Roots of Iron 
and Stone, lUustiated. Seventh Edition, tnoroughly revised and considerablr 
enlarged by E. Wtndram Tarm, M.A., Author of **The Science of Build- 
ing," Ac. With 6x Plates, Portrait of the Author, and several WoodcoU. la 
One large Vol., 4to, price £i 5s. doth. 

«• Ouffht to b« In evMy architect's and every bulkUr^ Awtry."— iffatObr. 
** A work whoae nonumental excellence must oommend It wherever skllfiil cawyitiy b oeB> 

d. The author's principlea are rather coolirnied than taBpairad by thae. The artdWonal 

I aaa ofgieat intrinsic ytiuit.'—'BuUdb^ Nntt, 



Woodworking Machinery. 

WOODWORKING MACHINERY : Its Rise, Progress, and 
Construction. With Hints on the Management of Saw MiUs and the Economi- 
cal Conversion of Timber. Illustrated with Examples of Recent Designs by 
leading English, French, and American Engineers. Bv M. Powis Bali, 
A.M.In8t.C.B., &I.I.M.E. Second Edition, Revised, with large Additions. 
Large crown 6vo, 440 pp., 9s. cloth. \j9at published, 

"Mr. Bale Is evidently an eipert on the Sttti|oct and he has coOected so mncn infonnatlon that 

the booic is all«ificient for builders and others enfaged In the convenfon of timber."-^ rcMtotf. 
"The most comprehensive compendium of wood-woridaf msrhlBerj we have taan. Hm 

aathoc is a thoroucfa master of liis suDjecf'-^ActtMnir ^<*v. 

Saw MUls. 

SA W MILLS : Their Arrangement and Management, and the 
Economical Conversion of Timber. (A Companion Volume to '* Woodwork- 
ing Machinery.") By M. Powis Balb. Crown 8vo, zos. 6d. cloth. 
** The adnnnistraticH of a laixe sawtac estabHsfament Is discnssed. and die subject examined 
Croas a financial standpoint. Hence the sise, stupe, order, and disposition of saw^mOIs and the 
tike are gone into in detail, and the course of the tmber is traced from its reception to its delivery 
in its converted state. We could not desire a more oomplete or practical treatise."— Aw*/''^. 

Jficholson^s Carpentry. 

THE CARPENTER'S NEW GUIDE: or, Book of Lines for Car- 
penters : comprising all the Elementarr Principles essential for acquiring a 
knowleoge of Carpentry. Pounded on the late Pbtkr Nicholson's Standard 
Work. New Edition, Revised bv A Ashpitsl, F.S.A. With Practical 
Rules on Drawing, by 6. Pymb. With 74 Plates, 4to, i^i xs. doth. 

Handrailing and StairbuUding. 

A PRACTICAL TREATISE ON HANDRAILING : Showing 

'New and Simple Methods tor Finding the Pitch of the Plank, Drawing the 

Moulds, Bevelling, Jointing-up, and Squaring the Wreath. By Gkorgb 

CoLLiNOS. Second Edition, Revised and Enlarged, to which is added A 

Trbatisb oh Stairbuildino. lamo, as. 6d, cloth limp. 

* * Win be found of practical utiHty tai the execution of this difficult branch of Jofaiery."— Aw<Utfr. 

" Almost every difficult phase ofthb somewhat intricate branch of Joinery is ehicidatiad fcqr the 

«ld of plates and explaaatory letterpre8s."-^«rwM«r« Giuuitt, 



Circular Work. 

CIRCULAR WORK IN CARPENTRY AND JOINERY: A 

Practical Treatise on Circular Work of Single and Double Curvature. By 

Gborob Collxmqs. With Diagrams. Second Edit, xsmo, ss. 64. cloth limp. 

** An esceDeat example of what a book of this kind sliould be. Cheap in pitce. dear in defini- 

»Vni and practical in the examples selected. "—^MiMrr. 

Handrailing. 

HANDRAILING COMPLETE IN EIGHT LESSONS. On 
the Square-Cut System. By J. S. Goldthorp, Teacher of Geometry and 
Building Construction at the Halifax Mechanic's Institute. With Eight 
Plates and over 130 Practical Exercises. 4to, 3s. td. cloth. 
" LikHy to be of considerable value to Joiners and others who take a pride in good work. 
we heartily cc mmend .t to teachers and students."— rcm^^ Trades youm»U 
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Timber Merchant's Companion* 

THE TIMBER MERCHANTS AND BUILDER'S COM^ 
PAN ION. Containing New and Copious Tables of the Reduced Weight and! 
Measurement of Deals and Battens, of all sizes, from One to a Thousand 
Pieces, and the relative Price that each size bears per Lineal Foot to any 
given Price per Petersburg Standard Hundred ; the Price per Cube Foot oi 
Square Tiinber to any given Price per Load of 50 Feet ; the proportionate 
Value of Deals and Battens bv the Standard, to Square Timber by the Load 
oi 50 Feet; the readiest mode of ascertainmg the Price of Scantling per 
Lineal Foot of any size, to an^^ given Figure per Cube Foot, &c. &c. By 
William Dowsing. Fourth Edition, Revised and Corrected. Cr. 8vo, 3s. ci. 
" Everything: is as concise and clear as it can possibly be made. There can be no doubt that 

erery timber merchant and builder oueht to possess it."— If uU Advertiser. 

" We are Sflad to see a fourth edition of these admirable tables, which for cocrectncn and- 

rimplidty of arrangement leave nothing to be desired."— r<md<r Trades journal, 

J^ractical Timber Merchant. 

THE PRACTICAL TIMBER MERCHANT. Being a Guide 
for the use of Building Contractors, Surveyors. Builders, &c., comprising 
useful Tables for all purposes connected with the Timber Trade, Marks of 
Wood, Essay on the Strength of Timber, Remarks on the Growth of Timber, 
&c. Dj W. Richardson. Fcap. 8vo, 3s. 6d. cloth. 
" Thb handy manual contains much valuable information for the use of timber merchants* 

bunders, foresters, and aU others connected witii the growth, sale, and manufacture of tiaoib«r."~ 

y^ttmal qf Forestry, 

Timher Freight Book. 

THE TIMBER MERCHANTS, SAW MILLER'S, AND 
IMPORTER'S FREIGHT BOOK AND ASSISTANT. Comwising Rules, 
Tables, and Memoranda relating to the Timber Trade. By William 
RiCHARDSOM, Timber Broker; together with a Chapter on *' Speeds of Saw 
Mill Machinery,'* by M. Powis Bale, M.LM.E., &c. i2mo, 3s. 6d, cl. boards. 
" A very useful manual of rules, tables, and memoranda relating to the timber trade. We re« 

commend it as a compendium of calculation to all timber measurers and merchanti, and as supply* 

lag a real want in the tt9/^"^Builditi£ News, 

Faching-Case MaherSf Tables for. 

PACKING-CASE TABLES ; showing the number of Super- 
ficial Feet in Boxes or Packing*Cases, from six inches square and upwards. 
By W. Richardson, Timber Broker. Third Edition. Oolong 4to, 3s. M, cI* 
" Invaluable labour-saving tables."— /rwcM^M^vr. 
" WiU save much labour and calculation."— <rnMir. 

Superficial Measurem,enU 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT, Tables calculated from z to 200 inches in length, by x to 108 
inches in breadth. For the use of Architects, Surveyors, Engineers, Timber 
Merchants, Builders^ Ac. By Jambs Hawkimos. Fourth Edition. Pcap., 
35. &i. cloth. 

" A useful collection of tables to fadlitate rapid calculation of surfaces. The exact area of any 
surface of which the limits have been ascertained can be instantly determined. The book will b« 
found of the greatest utility to all engaged in building operations." — Scotsman. 

" These tables will be found of great assistance to all who require to make calculations in suptik 
ficial measurement."— fiV^ir A MeMOMic, 

Forestry. 

THE ELEMENTS OP FORESTRY. Designed to aflford In. 
formation concerning the Planting and Care of Forest Trees for Ornament oi 
Profit, with Suggestions upon the Creation and Care of Woodlands. By F.B. 
Hough. Large crown 8vo, zos. cloth. 

Tim^ber Importer's Guide. 

* THE TIMBER IMPORTER 'S, TIMBER MERCHANTS, AND 
BUILDER'S STANDARD GUIDE, By Richard E. Grandt. Compris- 
ing an Analysis of Deal Standards, Home and Foreign, with Comparative 
V^ues and Tabular Arrangements for fixing Net Landed Cost on Baltic 
and North American Deals, including all intermediate Expenses, Freight, 
Insurance, &c. &c. Together with copious Information for the Retailer and 
Builder. Third Edition, Revised. lamo, ss. cloth limp. 
" RvOTything it pretends to be : built up gradually, it leads one from a forest to a treenail, and 

throws in. as a makeweight, a host of material concerning bricks, columns, cisterns, Sk."— English 

jdechanx. 
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Woods and Marbles (Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OP WOODS 

AKD UARBLBS.U Tt^bt mi PraeliKd by A. R. V» D«iBuaa*Bd P. 
ViH Dii Buia, Director! of Ifa< Kolteidim Piinliag InsHlutloa. Roril folios 
iSt bi 11) in.. lUuiiriisd wiih 34 [ull-iire Colotired Plitei; ^» » plain 
PUlM,coiDp[i>iiiii]4Fipirei. Second ladChaipaBilltlon. Prica£iiu.M 
LUlef Plata, 

i 
If 



TlusHwTiodMlntOklt^skniiDtlMutDr nllntiiiff Toodi ud nublH wID flbd kdiriBtajTB 
milttoff thU boot . . . Some oClha WocUdc UvB"* Qub4 tttoiiU giv* ttiair r«iiME ^u 
Acomprehouln qiMt u the ut. Tlw eipluulafii gt tlie vncttaH, ^bt ■[ ■iJ iJ ^ Uuu bM 
iremeiit or tbe culeun. ud Die bwUflillj enmud pluei Will not be Ike leul nbalili B Ik* 
■ouiKI oho miau a makliii Ui ntk > bitbfiil nmciliit of ami*."— BuJMinf tfm. 

Watt Paper. 

WALL PAPER DECORATION. By Arthur Sevmoo* 
JsriHiHas, Author of "Fracllcal Paper HangTag.-' Wi.b Domsroas Illuscra- 
lions. Demy 8va. [/n prcparatim. 

House Decoration, 

ELEMENTARY DECORATION. A Guido to (ha Simplet 

Formi of Everyday Arl, TogethEr wiih PRACTICAL HOOSE DECORA- 
TION. By jAHis W. Facet. With aumerooa Illuatiations. In Om Vol., 
ji. atrongly Salf boond. 

Bouse Fainting, draining, etc 

HOUSE PAINTING. GRAINING. MARBLING, AND SIGN 

»-Jur/NG, A Practical Manual of. By Ellib A.DiTiDBan, Sixth EditiOT. 
With Colomed Platet and Wood KagraTingt. itmo, Gi. cLolb boardB. 



Decorators, Beeeipta for. 

THE DECORATOR'S ASSISTANT: A Modem Goida to De- 
corative Artists and Atnatenrs, Painters, Writers, Gilden, &o. Conlaiaing 



Moyr Smith on Interior Decoration. 

ORNAMENTAL INTERIORS. ANCIENT AND MODERN. 
By I. Moia Smith. Saper-royal Svo, with 3a fuU-paga Plates and nnmennu 
._„!,„ Ill .; >.,.j .1- 1, J ^T jioih, gijj top, price iBi. 
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British and Foreign Marbles. 

MARBLE DECORATION and the Terminology of BriHsh and 

Foreign Marbles, A Handbook for Students. By Gborgs H. Blaorovb, 
Author of " Shoring and its Application," ftc. With a8 Illustrations. Crown 
5vo, 3s. td. cloth. 

" ThU most useful and much wanted handbook should b« fan the hands of eveiy ardiltect and 
boilder."— ^wiftfiVV' ^orld, 

" A carefuSy and usefully written treatise ; the work is essentially pntidiaL"^ScoetmaH, 

Marble Working^ etc. 

MARBLE AND MARBLE WORKERS: A Handbook for 

Architects, Artists, Masons, and Students. By Arthur Lkb, Author of " A 

Visit to Carrara," «* The Working of Marble," &c. Small crown 8vo, m. cloth. 

" A really valuable addition to the tec hni cal Uterature of architects and maaoaa,"—BuiltU>ig 

fftws, 

DELAMOTTE'S WORKS ON ILLUMINATION AND ALPHABETS. 

A PRIMER OF THE ART OF ILLUMINATION, for the Use 0/ 
Begitners : with a Rudimentary Treatise on the Art, Practical Directions for 
its Btercise, and Examples taken from Illuminated MSS., printed in Gold and 
Colours. By P. Dblamottk. New and Cheaper Edition. Small 4to, 6t. oma^ 
mental boards. 

" The examples of ancient MSS. recommended to the student; which, with much ffood sense, 
the author chooses from collections access ib l e to all, are selected with ludgment and knowledge 
as well as taste. "•—w^/A/iuvmm*. 

ORNAMENTAL ALPHABETS, Ancient and Mediavah from tht 
Eighth Century, with tfumerals; including Gothic, Church-Text, large and 
small, German, Italian, Arabesque, Initials for Illumination, Monograms, 
Crosses, &c. &c., for the use of Architectural and Engineering Draughtsmen, 
Missal Painters, Masons, Decorative Painters, Lithographers, En|;ravers, 
Carvers, &c. &c. Collected and Engraved bv F. Dblamottb, and prmted in 
Colours. New and Cheaper Edition. Royal 8vo, oblong, as. &I. ornamental 
boards, 

" For those who Insert enamelled sente n ces ronnd gilded chaBcec, whoblason shop legends orer 
shop-doors; who letter church walls with pithy sentences from the Decalogue; this book will be us» 
Hd.'^—AtJUtutum, 

EXAMPLES OP MODERN ALPHABETS, Plain and Ornamental; 
including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew, 
Court Hand, En^ossing, Tuscan, Riband, Gothic, Rustic, and Arabesque ; 
with several Origmal Designs, and an Analysis of the Roman and Old En^ibh 
Alphabets, large and small, and Numerals, for^the use of Draughtsmen, Sur> 
veyors. Masons, Decorative Painters, Lithographers, Engravers, Carvers, &c. 
Collected and En^^aved by F. Dblamottb, and printed in Colours. New 
and Cheaper Edition. Royal 8vo, oblong, as. 6d. ornamental boards. 
"There b comprised In It erery possible shape into which the letters of the alphabet and 

Kumerals can be formed, and the talent which has been expended in the conceptioa off^tihe Tariooi 

plain and ornamental letters is wonderfuL"— s S ft wwfa rirf. 

MEDimVAL ALPHABETS AND INITIALS FOR ILLUMU 

NA TORS. By F. G. Dblamottb. Containing ai Plates and Illuminated 

Title, printed m Gold and Colours. With an Introduction by I. Willis 

Brooks. Fourth and Cheaper Edition. Small 4to, 4s. ornamental boards. 

" A Tofamie fai which the letters of the alphabet come forth storified la gikUng aadall the cofattus 
of the prism InterwoTvn and intertwined ana intermingled."— >»«»>. 

THE EMBROIDERER'S BOOK OP DESIGN. Containing 
Initials, Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesiastical 
Devices, Mediaeval and Modem Alphabets; and National Emblems. Col- 
lected by F. Dblamottb, and printed in Colours. Oblong royal 8vo, is. 6d, 
ornamental wrapper. 
*' The book wiD be of great assistance to ladles and vooag chfldrea who are endowed with the 

eft of plying the aeedle la this most orrame ital and useAil pretty work."-^ax/ Anglian Times, 



Wood Carving^ 

INSTRUCTIONS IN WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Ladt. With Ten Plates. New and Cheaper Edition. 
Crown 8vo, as. in emblematic wrapper. 
"Thehandicraftof thewood-carrer, sowell as a book caa npttrt K; niv bt leant Cram * A 

Lady's' publication."— ^M naum. 
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KAT URAL SCIENCE , eto. 

The Heavens and their Griffin. 

THE VISIBLE UNIVERSE: Chapters on the Origin and 

Constmction of the Heaveni. By J. E. Gokb, F.R.A.S. Illustrated by & 
Stellar Pbotocrapht and la Plates, ttvo, i6s. cloth. 

" A raluable and hida luminary of recent astronomical theory, rendered more valuable and 
attractive by a series of stellar photographs and other illustrations."— TA^ Tittus. 

" In preaentinff a clear and condie accoont of the present state of oui knowledge, Mr. Gors 
has made a valuable addition to the literature of the sublect."— Aia/Mnr. 

" As interesting as a novel, and instructive withal ; the *ezt being made still more luminous by 
stellar phoCiyraphs and other illustrations. ... A most valuable book."— Mafukater ExmffHmr 

" One oithe finest works on astronomical science that has recently appeared in oar language. 

l_tfdt mttxur 

The ConsttUationSm 

STAR GROUPS: A Student's Guide to the ConsUUatums. By 

J. Ellard GORB.F.R.A.S., M.R.I. A., ftc, Author of " The Visible Universe/ 

*' The Scenery of the HeaTens." With 30 Maps. Small 4to, is. cloth, silvered. 

** A knowledge of the principal constellations /isible in our latitudes may be easily acquired 

from the thirty maps and accompanying text contained in this work."— A^a/wrr. 

" The volume contains thirtv maps showing stars of the sixth magnitude— the usual neked-eye 
limit -and each is accompanied oy a Drief commentary, adapted to faciliute recognition and bring 
to notice objects of special interest. For the purpose or a preliminary survey of the * midnight pomp ' 
of the heavens, nothing could be better than a set of debneations averaging scarcely twenty square 
inches in area, and including nothing that cannot at once be identified?*— Sa/Mn^/ JUvuw. 
" A very compact and handy guide to the constellations."— ^Mnuvwm. 

Aatranomieai Terms. 

AN ASTRONOMICAL GLOSSARY; or, Dictionary of Terms 
used in Astronomy. With Tables of Data and Lists of Remarkable and 
Interesting Celestial Objects. By ). Ellard Gorb, F.R.A.S., Author of 
" The Visible Universe," &c. Small crown 8vo. as. 6d. cloth. 
" A very useful little work for beginners in astronomy, and not to be despiwd by more ad- 
vanced students."— 7Vk« Tttrus. 

" Astronomers of all kinds will be glad to have it for rsference."— <;M«nMe<t. 

The Microscope. 

THE MICROSCOPE : Its Construction and Management, in- 
cluding Technique, Photo-microflnraphy, and the Past and Future of the 
Microscope. By Dr. Henri van Hkurck. Re-Edited and Augmented from 
the Fourth French Edition, and Translated by Wynnb E. Baxter, F.G.S» 
400 pagesi with upwards of 350 Woodcuts. Imp. 6vo, 181. cloth. 
" A tr<insution of a well-known work, at once popular and comprehensive."- 7¥mtfj. 
" The translation is as feiicittous as it is accurate."— A'o/Mrr. 

Tfi^e JtEicroscooe 

PHOTO-MICROGRAPHY. By Dr. H. van Hburck. Extracted 
from the above Work. Royal 8vo, with Illustrations, zt. sewed. 

Astronomy. 

ASTRONOMY. Bv the late Rev. Robert Main, F.R.S. 
Third Edition, Revised, by Wm. T. Lynn, B.A., F.R.A.S.| xamo, as. cloth. 
*' a sound and simple tieatiie, and a capital book for beginaets."— Jfwwwfa^ 

JRecent and Fossil Shells. 

A MANUAL OP THE MOLLUSCA : BHng a TreaHti on Recent 
and Fouil Shell*. By S. P. Woodward, A.L.S., F.G.S. With an Appendix 
on Rtunt and Fossil Conchohgical Discoveries, by Ralph Tate, A.L.S.» 
F.G.S. With 84 Plates and upwards of 300 Woodcuts. Reprint of Fourth 
Edition, z88o. Crown 8vo, ys. 6d. cloth. 
" A most valuable storehouw of co n chologkal and g*ologlcal lalbniiadoa. "^■SeUnte GttH^. 

Qedoffy and Genesis. 

THE TWIN RECORDS OP CREATION; or. Geology and 

Genesis: thHr Perfect Harmony and Wonderful Concord, ByGxoRQBWV 

Victor lb Vauz. Fcap. 8vo, 5s. cloth. 

" A valuable contribution to tfie evidences of Revdatlon, and disposes very conclnsiveiy of th» 
arraments of those who would set God's Works acalait God s Word. No real difficulty is shirked 
and no sophistry is left unexposed."— 7*A« Rod. 

Geology. 

RUDIMENTARY TREATISE ON GEOLOGY, PHYSICAL 
AND HISTORICAL. With especial reference to the British series of 
Rocks. By R. Tate, F.G.S. With 250 Illustrations. lamo, 5$, cloth boards. 



NATURAL SCIENCE, eU. 33 

DR. LARDNER*8 COURSE Of NATURAL PHILOSOPHY. 



HANDBOOK OF MECHANICS. Re-written and Enlarged by 

B. LoBWY, F.R.A.S. Post 8vo, 6s. cloth. 

"Mr. Loewy has caraAilly revised the book, and brousrht It up to modem requiieiiMnts. ' — 
Naturt, 

HANDBOOK OF HYDROSTATICS S- PNEUMATICS. Enlarged 

by B. LoBWT, P.R.A.S. Post 8vo, 5s. cloth. 

"For those 'who dedre to attain an accurate knowledge of physical science wfthout the prc- 
found methods of mathematical inTestigation,' this work is well •OMigMtA,"— Chemical Nnus. 

HANDBOOK OF HEAT. Edited and almost entirely Re- written 

by Bbniaicim Lobwy, F.R.A.S., &c. Post 8vo. 6s. cloth. 

" The style is alwmyf clear and precise, and conveys instruction without leaving any cloudiness 
or lurking doubts \itittad."—EftfiMeerin£^. 

HANDBOOK OF OPTICS. By Dr. Lardnbr. Edited by T. O. 
Harding, B.A. Post Bvo, 5s. cloth. 
"Written by an able scientific writer and beautifully illustrated.*' — Mechanics Magazine. 

HANDBOOK OF ELECTRICITY AND MAGNETISM. By Dr. 

Laronbr. Edited by G. C. Fostbr, B.A. Post Bvo, 5s. cloth. 

" The book could not have been entrusted to anyone better calculated to preserve the terse and 
lucid style of Lardner." — Popular Sdtnc* Review, 

HANDBOOK OF ASTRONOMY. By Dr. Lardner. Fourth 

Edition by E. Dunkin, F.R.A.S. Post 8vo, gs. 6^. cloth. 

** Probably no otlier book contains the same amount of information in so compendious and well-- 
arranged a form — certainly none at the price at which this is offered to the public." — At/ufiOMtn. 

"We can do no other than pronounce tliis work a most valuable manual of astronomy, and we 
strongly recommend it to all who wish to acquire a general — but at the same time correct— acquain'. 
ance with this sublime adeac^"— Quarterly youmtU <(f Science. 



OR. LARDNER'S MUSEUM OF SCIENCE AND ART. 



THE MUSEUM OF SCIENCE AND ART. Edited by 
Dr. Lardnbr. With upwards of 1,200 Engravings on Wood. In 6 Doable 
Volumes, £i is. in a new and elegant clotb oinding ; or handsomely bound in 
half-morocco, 3x1. 6d. 

" A cheap and Interesting publication, alike Informmg and attractive. The papers combin* 
subjects of importance and great scientific knowledge, considerable inductive powers, and a 
popular st^ or treatment."— ig»edSa/0r. 

"The 'Museum of Science and Art' Is the most valuable contribution that has ever bee* 
aaade to the Scientific Instruction of every class of sodety."— Sir David BREWSTER, la tha 
/fyrth British Review, 

*»* Separate books formed from the above, fully Illustrated, suUable for 
Workmen's Ltbrat^e^. Science Classes, etc. 



tJotnmon Things Maoplained, 55. 
The Mieroseope, 25. cloth. 
Popular Oeoloyy* 2S. 6d. cloth. 
Popular Physieo, ss. 6d, cloth. 



Steam and its Usee, 2S. cloth. 
Popular A strononty, 4s. 6d. cloth . 
The Bee and White Ants. ss. cloth. 
The Btlectrie Telegraph, is. td. 



Dr» Lardner'8 School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. Fcap. 8vo. 35. 6d. 

**Avery conve'Ment class-book for Junior students bi private schools."— ffriSMrA Quarttrfy 
Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. Fcap. 8vo, 35. 6d. 

"Clearly written, well arranged, and excellently UiustnXed.''—GardeH4t^s ChronttU. 

THE ELECTRIC TELEGRAPH. By Dr. Lardnbr. Re- 
vised by B. B. Bright, F.R.A.S. Fcap. 8vo, 2s. 6d. cloth 
" One of the most readable books extant on the Electric Telegraph.*'— i;»v/«iA Mechanic. 

D 



34 CROSBY LOCKWOOD ^ SON*S CATALOGUB. 



OHBMIOAL MANUFACTURSS, GHSMIBTBT. 

Chetnistry for EngineerSf etc. 

ENGINEERING CHEMISTRY : A Practical Treatise for the 
Um of Analytical Chemists, Encineera. Iron Masters, Iron Founders. 
Students, and others. ComprislnK Methods of Analysis and Valuation of the 
Principal Materials used in Bngineering Work, with nnmeroas Analyses, 
Biamples. and Suggestions. By H. Joshua Philups. F.I.C, P.CS. 
fiormerly Analytical and Consulting Chemist to the Great Bastem Railway. 
Second Edition, Revised and Enlarged. Crown 8vo, 400 pp., with Illustra- 
tions, 101. 6d, cloth. (jfust publuhed. 
** la this work the author hat rendered no small serrlce to a numerous bodjr of practical men. 

. . . The analytical methods may be pronounced most satis&ctoiy, being as accai a f as the 

das p atCh required of engineerinc chemists permits."— CAem^kw/WWM. 

*' Those in search of a handy treatise on the subject of analytical diemistiy as applied to tba 

•v«nr<day requirements of worlcshop practice will find this vohmie of great assistance, '—/nm. 
** The first attempt to bring forward a Chemistry spedally written for the use of eng i nee rs , 

and w* have no hesitation whatever in saymg that it should at once be in the possession of every 

raHwayengtneer."— Tkt Railway SMfinur. 

** The 000k will be very useful to those who require a handy and concise rtsuma of approved 

methods of analysing and valuing metals, oils, fuels, &c. It is, In fact, a work for chemists, a guide 

to the routine of the engineering bboratory. . . . The book to full of good tUngs. Asafisnd- 

book of re r h nical analysis, it to very welcome."— ^KiUkr. 

" Considering the extensive ground which such a subject as Engtaeerlng Che ml s tt y covers. 

the work to complete, and recommends itself to both the practising analyst and the analytical 

St jdent."— CA<M»Ma«/ Trade 'journal. 

" The analytical methods given are. as a whole, snch as are likely to give rapid and trus^ 

worthy results in experienced hands. There to much excellent descriptive matter fai the work, the 

chapter on ' Oib and Lubrication ' being spedally noticeable in tbto nsp9ct."—En£ituer. 

Alkali Trade^ Manufacture of Sulphuric AeUt, etc 

A MANUAL OF THE ALKALI TRADE, including the 
Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching Powder. 
By John Lomas, Alkali Manufacturer, Newcastle-upon-Tyne and London 
Witn aja Illustrations and Working Drawings, and containing 390 pages of 
Text. Second Edition, with Additions. Supe;-royal 8vo. £1 zos. cloth. 
■Thto book to written by a manuCicturer for manulacturets. The worldng detsito of the moat 
approved forms of apparatus are given, and these are accompanied by no less than ajs wood eo* 
gxavingi, all of whicn may be used Car the purposes of coostnictioa. Everv step in the manu- 
ficture IS very fully described in thto manual, and each improvement explainea."— ./f /A«n««M. 

" We fina not merely a sound and luminous explanation of the chemical principles of the trade, 
but a notice of numerous matters which have a most important bearing on the successful conduct 
of alkali works, but which are generally overiooked by even experienced technological authors."— 
Chemical Review. 

The Blowpipe. 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND 




Revised and Enlarged, crown 8vo, 51. cloth. 




CofmnerdiU Chemical Analysia. 

THE COMMERCIAL HANDBOOK OP CHEMICAL ANA- 
LYSIS; or, Practical Instructions for the determination of the Intrinsic or 
Commercial Value of Substances used in Manuftictures, in Trades, and in 
the Arts. By A. Nokmandy, Editor of Rose's "Treatise on Chemioal 
Analysis." New Edition, to a great extent Re-written by Hbnry M. Noad^ 
Ph.D., P.R.S. With numerous Illustrations. Crown 8vo, zas. &i. doth. 
" We strongly recommend thto book to our readers as a guide, alike indtopensable to the 
housewife as to the pharmaceutical practitioner."— JVtf<f^^/ Times. 



' Essential to the analysts appomied under the new A. t. The aoat ■eoaiit nnlts aiefhrsa 
and the work to well edited and carefully wtlttan.''-^Ato<Mr«. 

Dye^Waree and Colours. 

THE MANUAL OF COLOURS AND DYE-WARES: Their 
Properties, Applications, Valuations, Impurities, and Sophistications. For the 
use of Dyers, Printers, Drysalters, Brokers, ftc. By J. W. Slatbr. Second 
Edition, Revised and greatly Enlarged. Crown 8vo, 7s. 6d, cloth. 
"A complete encyclopaedia of the materia Ohetoria. The iufbraaation given lusperHng each 

artida to fidl and precise, and the methods of detennining the value of axtuieB such as t h es e, so 

liable to sop h is t icatton. are given with rieamess, and era piactical as weD as vafamble."— CAcMir/ 

ami Druggist, 

" There to no other wotk which covers precisely the same graond. To students preparing 

(or e xanrin a ti o n s hi dyeing and printing it wiB prove exoerdfaigiy nsefU."- Chemical New*. 
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Modem Bretving and Malting. 

A HANDYBOOK FOR BREWERS: Being a Practical Guide 

to the Art of Brewing and Malting. Embracing the Conclusions of Modem 

Research which bear upon the Practice of Brewing. By Herbert Edwards 

Wright, M.A. Crown 8vo, 550 pp., 125. 6d. cloth. 

" May be consulted with advantage l^ the student who is preparing himself for examinational 
tests, whue the scientific brewer will find m it a resume of all the most important discoveries of 
modem times. The work is written throughout in a clear and concise manner, and the author takes 
great care to discriminate between vague theories and well-established {^cts."—Brrwers' journal. 

"We have great pleasure in recommending this handybook, and have no hesitation in 
sasring that it is one of the best— if not the best— which has yet been written on the subject of 
be«r-brewing in this country, and it should have a place on the shelves of every brewer's library." 
— TTu Brewer's Guardian. 

" Although the requirements of the student are primarily considered, an acquaintance of half- 
an-hour s duration cannot fail to impress the practical brewer with the sense of having found a 
trustworthy guide and practical counsellor in brewery natteTS."— Chemical Trade yourttal. 

Analysis and Valuation of Fuels* 

FUELS: SOLID, LIQUID, AND GASEOUS, Their Analysis 
and Valuation. For the Use of Chemists and Engineers. By H. J. Phillips, 
F.C.S., formerly Analytical and Consulting Chemist to the Great Eastern 
Railway. Second Edition, Revised and Enlarged. Crown 8vo, 5s. cloth. 
" Ought to have its place in the laboratory of every metallurgical establishment, and wheievw 
ttui is used on a large scale."— CAfMtfos/ News. 

' Cannot fail to oe of wide interest, especially at the present ttma."— lUtUtuay News. 
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Pigments. 

THE ARTIST'S MANUAL OF PIGMENTS. ShoT)i^ing 
their Composition, Conditions of Permanency, Non-Permanency, and Adul- 
terations ; Efiects in Combination with Each Other and with Vehicles ; and 
the most Reliable Tests of Purity Together with the Science and Art 
Department's Examination Questions on Painting. By H. C. Stanoage. 
Second Edition. Crown 8vo, 35. 6d. cloth. 

" This work is indeed multum-in-farvot and we can, with good conscience, recommend It to 
■n who come in contact with pigments, whether as makers, dealers or users."— CArm^o/ RevUw. 

Gauging. Tables and Mules for Revenue Officers^ 

Brewers, ete. 

A POCKET BOOK OF MENSURATION AND GAUGING : 
Containing Tables, Rules and Memoranda for Revenue Officers, Brewers, 
Spirit Merchants, &c. By J. B. Mant (Inland Revenue). Second Edition, 
Revised. x8mo, aS' leather. 

" This handy and usetul book is adapted to the requirements of the Inland Revenue Depart* 
ment. and wfll t>e a fevourite book of ref^ence."— C«vi/fta«. 

" Should be in the hands of every practical hnmtx."— Brewers' youmoL 



INDUSTRIAL ART S, TRADES, AND MANUFACTURES. 

Cotton Spinning* 

COTTON MANUFACTURE : A Manual of Practical Instruc- 
tion in the Processes of Opening, Carding, Combing, Drawing, Doubling 
and Spinning of Cotton, the Methods of Dyeing, &c. For the Use of Opera- 
tives, Overlookers and Manufacturers. By John Lister, Technical In- 
structor, Pendleton. 8vo, 7s, 6d. cloth. L7<«* published. 
"This invaluable volume is a distinct advance in the literature of cotton manufacture."— 
Machifury. 

*' It is thoroughly reliable, fulfilling nearly all the requirements desired."— G/as^^ffw Herald. 

Flou/r Manufacture. MiUing, ete. 

FLOUR MANUFACTURE : A Treatise on Milling Science 
and Practice. By Fribdrich Kick, Imperial Regierungsrathi Professor of 
Mechanical Technology in the Imperial German Polytechnic Inslitnte, 
Prague. Translated from the Second Enlarged and Revised Edition with 
Supplement. By H. H. P. Powlbs, A.-M.Inst.C.E. Nearly 400 pp. Illus- 
trated with 28 Folding Plates, and X07 Woodcuts. Royal 8vo, 355. cloth. 
** This vahuble wofk Is, and wHl remdn, the standard authority on the science of mining. . . 
TIm iffli^ who has read and digested this work wiU have laid the foundation, so to speak, or aaac- 
[QMfnl career ; he will have acquired a number of general principles whidi he can proceed to 
apply. In this handsome volume we at last have the accepted text-book of modem mlUmg In good, 
Mond English, which has little, if any, trace of the German idiom."— rA< MtiUr. 

•« The appearance of tUs celebrated work In Enfi^lsh is venr opportune, and Brit 
wOl^ w« are sure, not be stow In availing themaehres of its pages.^-iltUbrx' Gajuttt. 
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Agglutinants* 

CEMENTS, PASTES, GLUES AND GUMS: A Practical 
Guid« to the Mannfiictare and Applioation of tbe varioaa Aegladnants re- 
quired in the BuildinK. Metal- Woridag, Wood- Working^ and Leather- Work- 
ing Trades, and for Workshop, Laboratorv or Office Use. With upwards of 
900 Recipes and FormalaB. By H. C. Standaob, Chemist. Crown 8vo, 
as. 6d. cloth. Oust publisktd. 

** We have pleasure lu speaking favourably of this Tolume. So far as we have had experience, 

which Is not mcoosideraUe, this manual is trustworthy."— ^/Acm^wwi. 

** As a reveiation of what are considered trade secrets, this book will aroase an amount of 

cuflority among the larra number of Industries it touches."— /XstfCy CkroHiclt. 

" In this goodly collection of receipts it would be strange if a cement for any purpose cannot 

be found."— Otf am/ CoUurman's ^ffumal. 

Soap-^making* 

THE ART OP SOAP-MAKING: A PraOieal Handbook of th$ 
Mammfaetuf of Hard and Soft Soaps, Toiitt Soapt^ §U, Inclading many New 
ProoMses, and a Chapter on the Recovery of GlTCerine from Waste Leys. 
By Alsxandbk Watt. Fourth Bdition. Bnlaricea. Crown 8vo, 7s. td, cloth. 
"The work will piow very naeAil. not merely to the technological atndeo^ but to the piacticn 
soap-boiler wlio wishes to ondiarstand the tbeorr of his mtt.''—Chtmkml Ntwu. 

" A thoroughly practical treatise on an art which has afanoat no Htaraton m our langnage. 
Wecoaawatulatauieaiifltetoiitheiiicceaiof MseodaaroartogDaToldlnEnglish teclmicallilera- 
titi«.*''-^4MMr«. 

Paper Making. 

PRACTICAL PAPER-MAKING: A Manual for Paper-makers 
and Owners and Managers of Paper- Mills. With Tables. Calculations, 8m* 
By G. Clappsrton, Paper-maker. With Illustrations of Fibres from Micro- 
Photographs. Crown 8vo, ^s. cloth. {Jmt publiahed. 
" The author caters for the requirements of responsible mill hands, apprentices, &c., whUst 
his manual will be found of great service to students of tedinology. as well as to veteran paper 
makers and mill o«rneri. The illastntioas form an excelleat feature." — Paper Trade Review. 

" We recommend everybody interested in the trade to get a copy of Uds thoroughly practicai 
ysook."— Paper Making. 

Paper Making. 

THE ART OF PAPER MAKING : A Practical Handbook of the 
Manufacture of Paper from Rags, Esparto, Straw, and other Fibrous Materials. 
Incladiag the Manufactare of Pulp from Wood Fibre, with a Description ot 
the Machinery and Appliances used. To which are added Details of 
Processes for Recovering Soda from Waste Liquors. By Albzandbr Watt, 
Author of " The Art of Soap-Making" With lUusU. Crown 8vo, 7s. 6d, cloth. 



" It may be rwarded as the standard work on the subfect. The book Is ftaU of valoable in* 
fonnatioa. The * Art of Paper-maUng,' is in every respect a model of a tezt-bool 
technical class or for the private student."— Pe/rra»uf PrbUittg- TVtuUs youmml. 



Leather Manufacture. 

THE ART OF LEATHER MANUFACTURE. Being a 
Practical Handbook, in which the Operations of Tanning, Currying, and 
Leather Dressing are fully Described, and the Principles of Tanning Ex- 
plained, and many Recent Processes Introduced ; as also the Methoos for 
the Estimation of Tannin, and a Description of the Arts of Glue Boiling, Gut 
Dressing, &c. By Albxandbr Watt, Aathor of " Soap-Making,*^ ftc 
Second Bdition. Crown 8vo, 9s. cloth. 

" A sound, comprehensive treatise on tanning and Its accflSMxIes. It Is an aminieatiy valuable 
production, which redounds to the credit of bora author and pnbliahen."— CAcustoi/ Amrw. 

Boot a/nd Shoe Making. 

THE ART OF BOOT AND SHOE-MAKING. A Practical 
Handbook, including Measurement, Last-Fitting, Cutting-Out, Closing, and 
Making, with a Description of the most approved Machinery employed. 
By John B. Lbmo, late Editor of St. Crispin, and The Boot and Shoe-Maher. 

i2mo, 2s. cloth limp. 
" This excellent treatise is by far the best work ever written. The chaptar en clicking, 
which shews how waste may be prevented, will save fifty times the price of tlia book " 

SenMeh iMtktr Trader. 

Dentistry Construction. 

MECHANICAL DENTISTRY : A Practical Treatise on the 
Construction of the various kinds of Artificial Dentures. Comprising also Use 
fal FormulaB, Tables, and Receipts for Gold Plate, Clasps, Solders, &c. &c 
By Charlbs Huntbr. Third Bdition Crown 8vo, 3s. 6d. cloth. 
•* We can strongly recommend Mr. Hunter's treatise to all students prepuing for the rinlMilnii 
of dentistry as well as to every merhanirai dentkL"-OMMfo Jtumal^ MtMaUSeUne*. 
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Wood JEngraving. 

WOOD ENGRA VING : A Practical and Easy Introduction to the 
Studv 0/ the Art. By William Norman Browm Second Edition. With 
numerous Illustrations. lamo, a. td. cloth liir.<p. 
" The book is clear and complete, and will be useful to anyone wanting to ondeistand the fint 
elements of the beautiful art of wood vagnviag.'—Gi'a^Mic. 

Horology. 

A TREATISE ON MODERN HOROLOGY, m Theory and Prac- 
tice. Translated from the French of Claudius Saukibr, ex>Director of the 
School oi Horology at Ma9on, by Julibn Tripplin, F.R.A.S., Besan^on 
Watch Manu£actuier, and Edward Rigg, M.A., Assayer in the Royal Mmt. 
With 78 Woodcuts and 22 Coloured Copper Plates. Second Edition. Super* 
royal 8vo. £2 2^. cloth ; /a 105. balf-csdi. 
" There is no horoI<^ical work in the English lanfuage at all to be compared to this ccodnc- 
tloo of M. Saunier's for cleamess and completeness. It is alike good as a guide for the stuaBntnid 
■t a reference for the experienced horolegist and skilled workman.''— //tfro^^oit/ journal. 

'* The latest, the most complete, and the most reliable of those literary productions to which 
continental watchmakers are indebted for the mechanical superiority over thdr English brcthreo 
—In tect, the Book of Books, is M. Saunier's 'Treatise.'"— H^atchmakert yewellerandSilvtrsmOh, 

Watchmaking, 

THE WATCHMAKER'S HANDBOOK. Intended as a Work- 
shop Companion for those engaged in Watchmaking and the Allied Mechani- 
cal Arts. Translated from the French of Claudius Saunisr, and considera* 
ably enlarged by Julien Tripplin, F.R.A.S., Vice-President of the 
Horological Institute, and Edward Rigg, M .A., Assayer in the Royal Mint. 
With numeious Woodcuts aid 14 Copper Plates. Third Edition. Crown 
8vo, 9s. cloth. 

" Each part is truly a treatise In itself. The arrangement is Rood and the language is clear and 
ooodsc . It is an admurable Kuide for the young watchmaker."— £Mfi»«r6v. 

" It is impossible to speak too highly of its excellence. It fiilfiB every requirement In a hand- 
book Intended for the use ot a workman. Should be found in every workshop."— tVaicA mmd 

" This book contains an immcaise number of practical details bearing on the daily occnpatkn 
of a watchmaker."— fVatchtnaker and Mttatworker (Chicago). 

Watches and Timekeepers* 

A HISTORY OF WATCHES AND OTHER TIMEKEEPERS, 

By James F. Kendal, M.B.H.Inst. ij. 6^. boards; or 23. 6^. cloth gilt. 

** Mr. Kendal's book, for its size, is the best which has yet appeared on this subject in the 
English laaigtaige.''— Industries. 

" Op«i the Dook where you may, there is interesting matter in it concerning the ingenious 
devices of the ancient or modem horologer. The subject is treated in a Ubend and entertaining 
spirit, as might be expected of a historian who is a master of the cnh."— Saturday Review. 

Electrolysis of Oold, Silver, Copper, etc* 

ELECTRO-DEPOSITION : A Practical Treatise on the Electrolysis 
of Gold, Silver, Copper, Nickel, and other Metals and Allocs. With descrip- 
tions of Voltaic Batteries, Magneto and Dynamo-Electnc Machines, Ther- 
mopiles, and of the Materials and Processes used in every Department of 
the Art, and several Chapters on Electro- Metallurgy. By Alsxandbs 
Watt, Author of " Electro- Sfctallurgy," Ac. Third Edition.Revised. Crown 
8vo, gs. cloth. 
"Eminently a book for the practical worker in electrokleposition. It contains practical 

descriptions of"^ methods, processes and materials as actually pursued and used in the workshop." 

—Snginetr. 

Electro-MetaUurm. 

ELECTRO-METALLURGY ; Practically TreaUd. By Alexamdbk 
Watt, Author of " Blectro-Depositioa,** &c. Ninth Edition, including the 
most recent Processes, ismo, as. cloth boards. 
*'From this book both amatenr and axdsan may leam «ve>ytfalng neciawiy for ttie snocessful 



pto— cwtion of electroplathig."— /ro»». 

Working in Gold. 

THE JEWELLER'S ASSISTANT IN THE ART OF WORK- 
ING IN GOLD : A Practical Treatise for Masters and Workmen, Compiled 
from the Experience of Thirty Years' Workshop Practice. By Gborqb E. 
Gbb, Author of "The Goldsmith's Handbook," &c. Cr. 8vo. 7s. &f. cloth. 
" This manual of technical education is apparently destined to be a valuable auxiliaiy to a 

handicraft which is certainly capable of great improvement."— The Times. 

" Very useful in the workshop, as the knowledge is practical, having been acquired by long 

experience, and all the recipes and directions are guaranteed to be 9ucoaadaL"—yeweUer amm 

itelahuorter. 
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Mieetropiating* 

ELECTROPLATING: A Practical Handbook on the Deposi- 
tloB of Copper, Silver, Nickel, Gold. Alumioiam, Brass, Platinum, &c. &c. 
With Descriptions of the Chemicals. Materials, Batteries, and Dynamo 
Machines used in the Art. By J. W. Urquhart, C.E.. Author of " Blectrio 
Light,** &o. Third Edition, with Additions. Crown 8vo. 5s. cloth. 

** An •zccllMit pffactial mMXUud,''Sngitutrittft 

** Aa mcaUont work, givlag tb« nswasc laformaaaa."^H»rp:a^iaU yoMttmi. 

neetrotyping. 

BLBCTROTYPING : Th$ Reproduction and MulHplication of Print- 
ing Sur/aea and Worki of Art by tht Sltctn-dtpoiition 0/ MitaU, By J. W. 

Ubquhabt, C.B. Crown 8vo, 31. cloth. 
"TlMbookliUiomwhljrpnctlGaL TIm fMdw la, tliOTafor% condactwl thraagh tte la^dli« 

laws ef ■la tUiiJif . tbma thiwiiB tlw metdt M»d by ■ Itfa o tipwi , th» appatate^ MMftto f* *^- 

(M08nw.ttp to tha 0nal prapaiation of the wohu'—Arl ^ammmL 



Goid0miths' Work. 

THE GOLDSMITH'S HANDBOOK. By Gboroe E. Geb. 
leweller, Ac. Third Edition, considerably Enlarged, ismo. 3s. 6d. cl. bds. 
''^A food, wund odttcator. which wfll bo acc^plod m aa waXboi^"—Horoli^ical youmal. 

Biiver9miths' Work, 

THE SILVERSMITH'S HANDBOOK. By Georgb E Gbe. 

leweller, Ac. Second Edition. Revised, ismo, it, 6a. cloth. 
*'Tbo chief morit of the woik U its piactical chatactor. . . The wotfeon la tiso tfotla wB 
H i asd liy diacovor Itt morltt when they dtt down 10 atttdy k."— AftfAf* MtchtmU, 
*«* The about (wo worAj log«f A«f , ttrongh half-hound, pttee yt. 

Sheet Metal Working* 

THE SHEET METAL WORKER'S INSTRUCTOR: For 
Zinc, Sheet Iron, Copper, and Tin Plate Workers. Containing Rules for 
describing the Patterns required in the Different Branches of the Trade. 
By R. H. Warn, Tin Plate Worker. With Thirty-two Plates. 8vo, 75. 6rf. cl. 

Bread and Biscuit Baking, 

THE BREAD AND BISCUIT BAKER'S AND SUGAR- 
BOILER'S ASSISTANT. Including a large variety of Modern Recipes. 
Bv Robert Wblls, Practical Baker. Crown 8vo, 31. cloth. 
** A lai|o ntimber of wrinkiot fior the ordinary cook, as wall ai the bakar."— SeAcnrfiur Stview. 

Confectionery for Hotels and Restaurants. 

THE PASTRYCOOK AND CONFECTIONER'S GUIDE. 
For Hotels. Restaurants and the Trade in general, adapted also for Family 
Use. By Robbrt Wblls. Crown 8vo, as. cloth. 



cannot do batter nan parchasa this hoak.''—BaJUrs' T/mu. 

Ornamental Confectionery. 

ORNAMENTAL CONFECTIONERY: A Guide for Bakers, 
Confectioners and Pastrycooks ; includina a varietv of Modem Recipes, and 
Remarks on Decorative and Coloured Work. With 1S9 Original Designs. 
By Robert Wblls. Crown 8vo, cloth gilt, 



** A Tihiable work, practical, and shonkl be In the nands of orory baker and conlbctlona^ Tha 
aJone' 



I designs are aJone worth treble tha anount charged for tha whole worlc'*— AaAtfrr' 7V«m«#. 

^%our Confectionery. 

THE MODERN FLOUR CONFECTIONER. Wholesale and 

Retail. Containing a large Collection of Recipes for Cheap Cakes, Biscoiu, 

te. With Remarks on the Ingredients used in their Manu&cture. By 

R. Wblls. Crown 8vo, si. cloth. 

** Tha woifc is of a deddedly practical character, and In every lecipa regard is had to acoooml* 
eat working."— ;V<»rMi British Daify MaiL 

Laundry Work. 

LA UNDRY MANAGEMENT. A Handbook for Use in Private 
and Public Laundries, Including Descriptive Accounts of Modem Machinery 
and Appliances for Laundry Work. By the Editor of '* The Laundry 
JournaV' Second Edition. Crown 8vo, as. &/. cloth. 

** This book should certainly occupy an honoured place on the shelves of all housekeepers 
who wish to keep themselTes au courunt oi th€ newest appliances and methods."— T^A^ Queen. 
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HANDTBOOKS FOB HANDICBAFTS. 

By PAUL N. HASLUCK, 

Editor of "Work" (New Sbribs); Author of "Lathswork," "Millimq 

Machines," &c. 
Crown 8vo, 144 pages, cloth, price is. each. 

tsr These Handybooks have been written to supply information for Workmen, 
Students, and Amateurs in the several Handicrafts, on the actual Practice of 
the Workshop, and are intended to convey in plain language Technical Know- 
ledge of the several Crafts. In describing the processes employed, and themanipU' 
lotion 0/ material^ workshop terms are used; workshop practice is fully explained; 
and the text is freely illustrated with drawings of modem tools, appliances^ and 
processes, 

THE METAL TURNER'S HANDYBOOK. A Practical Manual 
for Workers at the Foot-Lathe. With over 100 Illustrations. Price is. 
" The book will be of service alike to the amateur and the artisan turner. It dtspbys thorough 

knowledge of the subject."— 5c»/jma». 

THE WOOD TURNBR^S HANDYBOOK. A Practical Manual 

for Workers at the Lathe, With over ico Illustrations. Price is. 
"We recomnund the book to jroung turners and amateurs. A multitude of workmen have 
hitherto sot^ht in rahi for a manual of this special 'vadostry."—'MtchaHicai JVorld. 

THE WATCH JOBBER'S HANDYBOOK. A Practical Manual 
on Cleanings Repairing, and Adjusting, With upwards of 100 Illustrations. 
Price 15. 
" We strongly advise all young persons connected with the watch trade to acquire and ftody 

tUs faiexpensive work."— CAeri«n«c// CMronlcU, 

THE PATTERN MAKER'S HANDYBOOK. A Practical 
Manual on the Construction oi Patterns for Founders. With u^. wards of 
xro Illustrations. Price is. 
** A most valuable, if not indispensable, manual for the pattern maker."— ArM«w/«<a{fr. 

THE MECHANICS WORKSHOP HANDYBOOK, A Practical 
Manual on Mechanical Manipulation. Embracing Information on various 
Handicraft Processes, with useful Notes and Miscellaneous Memoranda. 
Comprising about 200 Subjects. Price is. 
" A very clever and useful book, which should be found in every workshop ; and it should 

certainly find a place in all technical schools."— .Sa/tenAo' Review. 

THE MODEL ENGINEER'S HANDYBOOK, A Practical 
Manual on the Construction of Model Steam Engines. With upwards of 100 
illustrations. Price is. 
** Mr. Hasluck has produced a very good little book."— ^Mi/<f/<rr. 

THE CLOCK JOBBER'S HANDYBOOK. A Practical Manual 
on Cleaning, Repairing , and Adjusting. With upwards of 100 Illustrations. 
Price xs. 
" It is of inestimable service to those commencing the tnui^."— Coventry Standard, 

THE CABINET WORKER'S HANDYBOOK: A Practical 
Manual on the Tools, Materials, Appliances, and Processes employed in 
Cabinet Work. With upwards of xoo illustrations. Price is. 

" Mr. Hasluck's thoroughgoing little Handybook is amongst the most practical guides we have 
seen for beginners in cabinet-work."— .Sa/wnAsjf Review. 

THE WOODWORKER'S HANDYBOOK OF MANUAL IN- 
STRUCTION, Embracing Information on the Tools, Materials, Appliances 
and Processes employed in Woodwoiking. With 104 Illustrations. Price is 

IJust published. 

THE METALWORKER'S HANDYBOOK. With upwards of 100 
Illustrations. [/» preparation. 

*^* Opinions of the Press. 

" Written by a man who knows, not only how work ought to be done, but how to do it and 
how to convey his knowledge to oth%.n."—iiM£itteeriujg'. * 

*' Mr. Hasluck writes admirably, and gives complete instructions."— fn;e''f^> 

" Mr. Hasluck combines the experience of a practical teacher with the manipulative skill and 
scientific knowledge of processes of the trained mechanician, and the manuaU are marvetc o' 
what can be produced at a popular pnce"—Schoolfnatter. 

" Helpful to workmen of all ages and degrees of experience."— ZteiO' ChtvnirU. 

" Practical, sensible, and remarlcably cLeap. '^youmal of Edufotion.. 

" Concise, clear and practical/'— 5a/tt«'^a> Rrview. 
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COHMERCK COUKTING-HOUSE WORK, TABLES, etc 

Cofnmerci€U Education. 

LESSONS IN COMMERCE. By Professor R. Gambaro. of 

the Royal High Commercial School at Genoa. Edited and Revised by Jamxs 

Gault, ProMMor of Commerce and Commercial Law in King's College. 

London. Crown 8vo, 3s. 6d. cloth. 

*' Tbs pufalishen of this work have renderad consideiabla aenrlcc to the cause of commercial 

education by the opportune production of this volume. . . . The work is peculiarly acceptable 

to English readers and an aamirable addition to existing cbss-books. In a phrase, we think thtt 

work attains its object in furnishing a brief account of those laws and custonis of British trade wtA 

which the commercial man interested therein should be familiar."— CA««MArr«/Ctf«Hi»Mt«r7«wnMA 

" An invaluable guide in the hands of those who are preparing for a coounerdal career." 

CtmtUiMg House. 

Fikreign CoinmercitU Vorrematulenee. 

THE FOREIGN COMMERCIAL CORRESPONDENT: Being 
Aids to Commercial Correspondence in Five Langnagea— Bnglish, French, 
German, Italian, and Spanish. By Conkao B. Bauk. Second Edition. 
Crown 8vo, 3s. 6d. cloth. 

''Whoever wishes to correspond in all the languages mentiaaedlqr If r. Baker cannot do bectw 
than «cady this work, the materials of which are excellent and conveniently arranged. They consisk 
not of entire specimen letters but— wli<it ar« far more useful— short passages, sentences, or 
phrases expressing the same general idea in various forms."— WiAcfumm. 

" A careful examination has convinced us that it is unu«>ally complete, well arranged* sdA 
■eBalile. The book is a thorou|^y good one."- SWuM/MUMttr. 

Accounts for Manufacturers. 

FACTORY ACCOUNTS: Their Principles and Practice. A 
Handbook for Accountants and Manufacturers, with Appendices on the No- 
menclature of Machine Details ; the Income Tax Acts ; the Rating of Fac- 
tories; Fire and Boiler Insurance; the Factory and Workshop Acu, &e., 
including also a Giossarv of Terms and a large number of Specimen Rulinga. 
By Emils Garcks and J. M. Fblls. Fourth Edition, Revised and En- 
larged. Demy 8vo, 250 pages 6s. strongly bound. 
** A venr Interesting des^lMionofthe requirements of Factory AccoontSi . . . the principle 

ef Btrimllsttng the Factory Accounts to the general commercial books is one which we thoroognly 

■gieo with."— ^ovKMteiMr' yoummL 

*' Characterised by extreme thoroughness. There are few owners of factories who would not 

derive great benefit from the perusal of this most admirable work."— ZiMa/ Gtmemmte n ' Ckruniele. 

Intuitive CeUctUations, 

THE COMPENDIOUS CALCULATOR: or. Easy and Con- 
cise Methods of Performing the various Arithmetical Operations required in 
Commercial and Business Transactions, together with Useful Tables. By 
Danibl O'Gorman. Corrected aud Extended by Professor J. R. Youmo. 
Twenty-seventh Edition, Revised by C. Norris Fcap. 8vo, 2S. 6J. doth 
•imp; or, 3s. ftd. strongly half-bound in leather. 
" It would be difficult to exaggerate the usefulness of a book like this to e ver y one engaged In 

commerce or manufacturing industry. It is crammed full of rules and formulae for shortening' and 

employing calculations."— AM^w^lftv** 

Modem Metrical Units and Systems. 

MODERN METROLOGY : A Manual of th§ Metrical UniU 
and Systems of the Present Century. With an Appendii containing a proposed 
English System. By Lowis D'A. Jackson, A.M.Inst.C.E., Author of '* Aid 
to Survey Practice," &c. Large crown 8vo, its. 6d. cloth. 

** We recommend the work to all interested in the practical reform of our weights and mee« 
suref .*• — Saturt. 

The Metric System and the British Standards. 

A SERIES OF METRIC TABLES, in which the British Stanl- 

ard Measures and Weights are compared with those of the Metric System attreumt 

in Use on the Continent, By C. H. Dowlino. C.E. 8vo, xoi. 6d.atroag]y bound. 

"Mr. DowUng's Tables are well put together as a ready-reckoner Cm the ooonnfaw of one 

eyttam Into the other."— ^/A«m«wim. 

Iron and Metal Tra^des^ Calculator, 

THE IRON AND METAL TRADES' COMPANION. For 

expeditiously ascertaining the Value of any Goods bought or sold by Weight, 
troro IS. per cwt. to iias. per cwt.. and from one farthing per pound tc one 
snilling per pound. Bv Thomas Downib. 396 pp., gs. leather. 

" A most useful set of Ubles ; nothing Hke them before existed."— Afii&MKf Airwt. 

" Ahhouith specially adai>te<l to tne trou and metal trades, the tables wlu be fiMind useful ia 
every other bushiesB in which merchandise is bouffht and sold by weight.''— J?etfflNV Ntm-. 
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<Jha>dwick*8 Calculator far Numbers and Weights 
Combined, 

THE NUMBER, WEIGHT, AND FRACTIONAL CALCU- 
LATOR, Containing upwards of 350.000 Separate Calculations, showing at 
a glance the value at 412 difierent rates, ranging from rirth of a Penny to 
90S. each, or per cwt., and j^ao per ton, of any number of articles consecu- 
tively, from X to 470. — Any number of cwts., qrs., and lbs., from x cwt. to 470 
cwts. — Any number of tons, cwts., qrs., and lbs., from x to x,ooo tons. By 
WixxiAii Chadwick, Pubhc Accountant. Third Edition, Revised and Im- 
proved. 8vo,x8s., strongly bound for Office wear and tear. 
tsr Is adapted for the uu of Accountants and Auditors, Railway Compartus^ 
Canal Companus, Shippers, Shipping Agents, General Carriers, etc. Ironfouuderst 
Brassfounders, Metal Merchants, Iron Manufacturers, Ironmongers, Engineers^ 
Machinists, Boiler Makers, MiUunights, Roofing, Bridge and Girder Makers, Colliery 
Proprietors, etc. Timber Merchants, Builders, Contractors, Architects, Surveyors, 
Auctioneers, Valuers, Brokers, Mill Owners and Manufacturers, M HI Furnishers, 
hi etchanU, and General Wholesale Tradesmen. Also for the Apportionment of 
Mileage Charges for Railway Traffic, 

*«* Opinions op the Prbss. 

** It is as easy of reference for any answer or any_ number of answers as a dictionai^, and the 
references are even more quickly made. For making up accounts or estimates the book must 
prove invaluable to all who have any considerable quantity of calculations involving price and 
measure in any combination to do." — Engituer. 

" The most complete and practical ready reckoner which it has been our fortune > et to see. It 
<s difficult to imagine a trade or occupation in which it could not be of the greatest use, either in 
saving human labour or in checking work. The publishers have placed withm the reach of every 
commercial man an invaluable and unfailing assistant." — Tfu Miller. 

" The most perfect work of the kind yet prepared."— G/Ar^tmf Herald. 

Harben^s Comprehensive Weight Calculator. 

THE WEIGHT CALCULATOR, Being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at One Reference the exact 
Value of any Weight from i lb. to xs tons, at 300 Progressive Rates, frt>m \d. 
to i68s. per cwt., and containing x86,ooo Direct Answers, which, with their 
Combinations, consisting of a single addition (mostly to be performed at 
sight), will afiord an aggregate of 10,266,000 Answers; the whole being calcu- 
lated and designed to ensure correctness and promote despatch. By Hbmkt 
Harbbn, Accountant. Fourth Edition, carefully Corrected. Royal 8vo, 
£1 5s. strongly half-bound. " 

' A practical and tisefiil work of reference for men of business generally ; tt Is the best of the 
we nai 



idnd we have seen."— /rvKm^fuier. 

"Of priceless value to busmess men. It is a necetsaiy book In all mercantile offioM.' 
field tneUpetuUnt, 

Harben^s Comprehensive IHscount Quide. 

THE DISCOUNT GUIDE, Comprising several Series of 
Tables for the use of Merchants, Manufacturers^ Ironmongers, and others, 
by which may be ascertained the exact Profit arising from any mode of using 
Discounts, either in the Purchase or Sale of Goods, and the method of either 
Altering a Rate of Discount or Advancing a Price, so as to produce, by one 
operation, a sum that will realise any required profit after allowing one or 
more Discounts : to which are added Tables of Profit or Advance from x^ to 
90 per cent. Tables of Discount from xi to 98! per cent., and Tables of Com- 
mission, &C.1 from i to xo per cent. By Hbnrt Harbbm, Accountant, Author 
of " The Weight Calculator." New Edition, carefully Revised and Corrected. 
Demy 8vo, 544 pp., £1 5s. half-bound. 

"A book such as this can only be appreciated by bnslnen men, to whom the aavtiur ot time 
flieans saving of money. We have the nigh authority of Professor J. R. Young that the tablet 
tlizougliout the work are constructed upon strict^ accurate prind^es. The work is a model 
of typogr a phical clearness, and must prove of great value to merchants, m a nu fa ct urers, and 
general traders."— frMrA TVwfa yburnal. 

Iron Shipbuilders^ and Merchants^ Weight Tables. 

IRON 'PLATE WEIGHT TABLES: For Iron Shipbutldns, 
EngimerSt and Iron Merchants. Containing the Calculated Weignts of up- 
wards of xso,ooo difierent sizes ot Iron Plates, from x foot by 6 in. by | in. to 
xo feet bv 5 feet by x in. Worked out on the basis of 40 lbs. to the square 
foot of Iron of x mch in thickness. Carefully compiled and thoroughly Re- 
vised by H. BuRLiNSON and W. H. Simpson. Oblone 4to, ass. half-bound. 
"This woric win be found of great utility. The authors have had mocli psactical expetlence 

of what is wanting in making estimates; and the nse of the book uiil save much time In aaklfK 

elaborate caknlatfcni. ^^Eftflish MuAanie. 
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''DIRECT CALCULATORS, 

By M. B. COTSWORTH, of Holgatc, York. 
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QUICKEST AMD MOST ACCURATE MEANS OF CALCULATION KNOWN. 

ENSURE ACCUSACT and SPEED WITH EASE, SAVE TIME and MONET. 
AeeooaU may b«oharg«d out or ehoekod by thoM moani In about one 
third tht ttmo roqnlrod by ordinary mathodi of*caleulation. Theia 
nnrlTall«d<*CaIeulatort*' have Yoryeloarand eritflnal eontrlTaacaa 
for iBitaatly fladind the oxaot answer, by Ito fixed poiltion, vlthoat 
even ildhttiid the top or lide of the pade. They are Yarled In airanda- 
meat to suit the epeeial need of each partlcnlar trade. 
All the leading firms now use Calculators, even where they employ experts, 
■•B.— Indieator letters In braekete should be quoted. 

*'RAILWA Y <5r» TRADERS' CALCULATOR " (R. & T.) io$. 6d. 
Including Scale of Charges for Small Parcels by Merchandise Trains. 
" D rect Calculator "—the only Calculator published giving exact charge for 
Cwts., Qrs. and Lbs., together. " Calculating Tables" for every id. rate to 
1005. per ton. " Wages Calculator." " PercenUge Rates.** " Grain, Flour, 
Ale, Ac, Weight Calculators." 

*• DIRECT CALCULATOR (I R) " including all the above except 
"Calculating Tables." ys, 

** DIRECT CALCULATOR (A)" by Jd.» 25. each opening, exact 
pence to 405. per ton. 55. 

*' DIRECT CALCULATOR (B) " by id., 45. each opening, exact 
pence to 405. per ton. 4s. 6d. 

*' DIRECT CALCULATOR (C) " by id. (with Cwts. and Qrs. to 
nearest farthing), to 40s. per ton. 4s. 6d. 

" DIRECT CALCULATOR (Ds) " by id. gradations. (Single Tons 
to 50 Tons, then by fifties to 1,000 Tons, with Cwts. values below in exact 
pence payable, fractions of ^. and upwards being counted as xd. 6s. €d. 

*• DIRECT CALCULATOR (D) " has from 1,000 to 10.000 Tons in 
addition to the (Ds) Calculator. 7s. 6d. 

•• DIRECT CALCULATOR (Es) " by id. gradations. (As (D) to 
1,000 Tons, with Cwts. and Qrs. values shown separately to the nearest 
farthing), ss. 6d. 

*' DIRECT CALCULATOR (E) " has from 1,000 to 10,000 Tons in 
addition to the (Es) Calculator, ts. 6d. 

*' DIRECT CALCULATOR (F)" by li., 2S. each opening, exact 
pence to 40s. per ton. 4^. 6d. 

" DIRECT CALCULATOR (G) " by id., is. each opening ; 6 in. by 
9 in. Nearest \d. Indexed (ft I) 3s. 6d. as. 6d. 

•• DIRECT CALCULATOR (H) " by id., is. each opening ; 6 in. by 
9 in. To exact pence. Indexed (II I) 35. &/. as. 6d. 

'•DIRECT CALCULATOR (K)'* Showing Values of Tons, Cwts. 
and Qrs. in even pence (fractions of id. as id.), for the Retail Coal Trade.. 
is,6d. 

** RAILWAY AND TIMBER TRADES MEASURER AND CAL- 
CULA TOR (T) " (as prepared for the Railway Companies). The onl^ book, 
published giving true content of unequal sided and round timber by eighths- 
of an inch, quarter girth. Weights from Cubic Feet — Standards, Superficial 
Feet, and Stone to Weights — Kunniog Feet from lengths of Deals^Staadard 
Multipliers— Timbsr Measures— Cusioms Regulations, &c. 3s. 6d, 
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Dr. JFream'8 New Edition of **The Standard 
Treatise on Agriculture.'^ 

THE COMPLETE GRAZIER, and FARMER*S and CATTLE- 
BRBBDER'S ASSISTANT: A Compendium of Husbandry. Originally 
Written by William Youatt. Thirteenth Edition, entirely Re-written, 
considerably Enlarged, and brought up to the Present Requirements of 
Agricultural Practice, by William Frbam, LL.D., Steven Lecturer in the 
University of Edinburgh, Author of "The Elements of Agriculture," &c. 
Royal 8vo, x,ioo pp., with over 450 Illustrations. £1 its, 6d, strongly and 
handsomely bound. 

Extract prom Publishers' Advertisbmbnt. 

** A treatise that made its original appearance in tlie first decade of the century, and that enters 
apon its Thirteenth Edition before the century has run its course, lias undoubtedly esta b lis h ed its 
position as a worlc of permanent value. . . The phenomenal progress of the last dozen years in the 
Practice and Science of Fanning has rendered it necessary, howerer, that the volume should be 
re^writteo.. . . . and for this undertaking the publishers were fortunate enough to secure the 
services of Dr. Fream, whose high attainments in all matters pertaining to agriculture have been 
so emphatically recognised by tne highest professional ana official authorities. In canryinsr 
out his editorial duties. Dr. FRBAM has been favoured with valuable contributions by Prot. J. 
WORTLBY AXB, Mr. E. BROWN. Dr. BERNARD DYER, Mr. W. J. MALDEN. Mr. R. H. ReW» 

Prof. Shbldon, Mr. J. Sinclair. Mr. Sanders Spencer, and others. 

" As regards the ulustrations of the work, no pains have been spared to make them as repr» 
sentative and characteristic as possible, so as to be practically useful to the Farmer and Grasier." 

Summary of Contents. 



Book I. On the Varieties, Breed- 
ing, Rearing, Fattening, and 
Management of Cattle. 

Book II. On the Economy and Man- 
agement OF THE Dairy. 

Book III. On the Breeding, Rear- 
ing, AND Management of Horses. 

Book IV. On the Breeding, Rear- 
ing, and Fattening of Sheep. 

Book V. On the Breeding, Rearing, 
AMD Fattening of Swine. 

Book VI. On the Diseases of Live 
Stock. 



Book VII. Om the Breeding, Rear- 
ing, AND Management of Poultry* 
Book VIII. On Farm Offices and 

lif ELEMENTS OF HUSBANDRY. 

Book IX. On the Culture and Man- 
agement OF Grass Lards. 

Book X. On the Cultivation and 
Application of Grasses, Pulse, 
AND Roots. 

Book XI. On Manures and their 
Application toGrass LandACrops 

Book XII. Monthly Calendars op 
Farmwork. 



\* Opinions of the Press on the New Edition. 

" Dr. Fream is to be congratulated on the successful attempt he has made to give us a work 
which will at once become the standard classic of the farm practice of the counti^. We beUevs 
that it win be found that it has no compeer among the many works at present in existence. . . • 
The illustrations are admirable, while the frontispiece, which represents the well-known bull, Neir 
Year's Gift, bred by the Queen, is a work of art."— TVm rimes. 

" The book must be recognised as occupying the proud position of the most exhaustive work 
of reference in the English language on the subject with which it deais."-ji/M€fugum. 

" The most comprehensive guide to modem farm practice that exists in the English language 
to-day. . . . The book is one that ought to be on every farm and in the library of every land- 
owner."— iifarl Lane Express. 

" In point of exhaustiveness and accuracy the work will certainly hold a pre-eminent and 
miique position among books dealing with scientific agricultural practice. It is. in fact, an agri* 
cultural library of itself."- ATortM British AgricttUuHsL 

" A compendium of authoritative and well-ordered knowledge on every conceivable branch 
of the work of the live stock farmer ; probaUy without an equal in this or any other country." 

Yorkshire Post, 

British Farm Live Stock, 

FARM LIVE STOCK OF GREAT BRITAIN, By Robert 
Wallace, F.L.S., F.R.S.E., &c.. Professor of Asricalture and Rural Bco- 
nomy in the University of Edinburgh. Tliird Edition, thoroughly Revised 
and considerably Enlarged. With over 120 Phototypes of Prize Stock. Demy 
8vo, 384 pp., with 79 Plates and Maps, las. 6d, clotn. 
" A really complete woilc on the history, breeds, and management of the farm stock of Great 

Britain, and one which b likely to find its way to the shelves of every country gentleman's 

Ubnury."— 77i« Times, 

" The latest edition of ' Farm Liv« Stock of Gre«tt Britain ' is a ( reduction to be pioud of, and 

Its issue not the least of the services «hich its author has rendered to agricultural science." 

Scottish Farmer, 
" The book is very attractive . . . and we can scarcely imagine the existence of a farmer 

who would not like to nave a copy of this beautiful work."— ^arl Lane Express. 

" A work which will long be regarded as a standard authority whenever a concise hktory and 

description of the breeds oflive stock in the British Isles is required."— Belts Weekly Messenger, 
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Dairy Farming. 

BRITISH DAIRYING, A Handy Volume on the Work of the 
Dairy-Farm. For the Use of Technical Instruction Classes, Students In 
Agricultural Colleges, and the Working Dairy-Farmer. By ProfJ. P. Shbldom, 
ate Special Commissioner of the Canadian Government, Author of '* Dairy 
Farmim;/' Ac With numerous Illustrations. Crown 8vo, as. 6d. cloth. 

** We confidentlv recomniMid it as a t«zt-book on dairy fajiaixkg,*'~'Afr1atUHrmt Gtueite. 

'* Probably the best half*crown manual on dairy worlc that has yet been pcodaced."— Aiwt* 
BrMsh Agricutturist. 

** It is the soundest little work we have yet seen on the subject."— TA/ Tittus. 

Dairy JUanuaiL 

MILK, CHEESE AND BUTTER: A Practical Handbook 
on their Properties and the Processes of their Production, including a 
Chapter on Cream and the Methods of its Separation from Milk. By John 
Oliver, late Principal of the Western Dairy Institute, Berkeley. With 
Coloured Plates and 200 lUusts. Crown 8vo, 75.6^. cloth. [Just publishtd^ 
" An exhaustive and masterly production. It may be cordially recommended to aU students 

and practitioners of dairy sctcnce."-~N.B. Agriculturist. 

'* We stronsly recommend this very comprehensive *nd carefully- written book to dairy>famicrs 

«nd students oTdairying. It is a distinct acquisition to the library of the acricultuzist."— ^^rieM/> 

tural GoJtette. 

Agricultural Facts and Figures. 

NOTE-BOOK OF AGRICULTURAL FACTS AND FIGURES 
FOR FARMERS AND FARM STUDENTS. By Primrose McComnxxx, 
B.Sc. Fifth Edition. Royal samo, roan, gilt edges, with band, 4s. 
" Litenlly teems with infonnation. and we can ooraUly recoinmend It to all connected wllk 
^ficoltuxe."— iV«ra BrMth AgriatUuritt, 

Small Farming. 

SYSTEMATIC SMALL FARMING; or, The Lessons of my 
Farm, Being an Introduction to Modem Farm Practice for Small Farmers. 
By R. ScoTT Burn. With numerous Illustrations, crown 8vo, 6s. cloth. 
* This b the completest book of Its class we have teen, and one which every amateur fiurmM 
4HII read with pleasure and accept as a piide."— ^u/rf. 

Modem Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Buwt. 
Soils, Manures, and Crops— Farming and Farming Economy— Cattle, Sheep, 
and Horses — Manaaement of Dairy, Pigs, and Potiltry — Utilisation of 
Town-Sewage, Irrieation, &c. Sixth Edition. In One Vol., x.aso pp^ haU- 
bound, profusely Illustrated, z«. 

" The aim of the anwor has been to make Us wosk at once comprebeoslTe and trustwottlqp 
and he has su cc eeded to a deg r ee which entitles him to much credlL'^-nJ/ivrwtfiv ASPtrttsw, 



Agricultu/ral Engineering. 

FARM ENGINEERING, THE COMPLETE TEXT-BOOK OF. 
Comprising Draining and Embankini; ; Irrigation and Water Supply ; Farm 
Roads, Fences, and Gates ; Farm Buildings ; Bam Implementa and Ma- 
chines; Field implements and Machines : A^icul tural Surveying Ac. By 
Prof John Scott. 1,150 pages, half-bound, with over 600 Illustrations, X8S. 
"Written with great care, as well as with knowledge and ability. The autlior has done his 

erock well ; we have found him a very trustworthy guide wherever we have tested his statements. 

The volume will be of great value to agricultural students."— i/orA Lant Bxtrtts, 

Agricultural Text-Book. 

THE FIELDS OF GREAT BRITAIN : A Text-Book of 
Agriculture, adapted to the Syllabus of the Science and Art Department. 
For Elementary and Advanced Students. By Hugh Clbmbnts (Board of 
Trade). Second Edition, Revised, with Additions. z8mo, sts. 6d. cloth. 
" A mott comprehMahre vohune, giving a mass of information." — AfrieuUttrml Economist. 
"It is a long time since we have seen a book which has pleased us wan, or which contaJns 
«iich a vast aoduaeftil fiiad of knowledge. "-^ gA^wW ow/ Tim€s. 

Tables far Farmers, etc. 

TABLES, MEMORANDA, AND CALCULATED RESULTS 
for Farmers. Grasien, Agricultural Students, Surveyors, Land Agents, AuC' 
tioneers, etc. With a New System of Farm Book-keeping. By Sidney Fran- 
cis. Third Edition, Revised. 87a pp.< waistcoat- pocket size, is, 6d, leather. 
" Weighing less than > os.. and occupying no more space than a match box. It contains a nmst 
of facts and calculations which has never before. In such handy form, been ottoinable. Every 
operation on the farm is dealt with. The work may be taken as thoroughly accurate, the whole 
of the tables having been revised by Dr. Fream. We qDrdlally recommend \t."—Beirs IVeeklf 
Messenetr. 
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Artificial Manures and Foods. 

FERTILIbERS AND FEEDING STUFFS: Their Proper- 
ties and Uses. A Handbook for the Practical Farmer. By Bernard DyeRi 
D.bc. (Lond.) With the Text of the Fertilisers and Feeding Staffs Act of 
1893, the Regulations and Forms of the Board of Agiiculture and Notes on 
the Act by A. J. David, B.A., LL.M., of the Inner Temple, Barrister-at-Law. 
Crown 8vo, 120 pages, is. cloth. [.Ji*si published. 

" An excellent shiUtus^s vorth. Dr. Dyer has done farmers gocd service in placing at their dis- 
posal so much useful information in so intelligible a form." — The Titnes. 

The Management of Bees, 

BEES FOR PLEASURE AND PROFIT: A Guide to the 
Manipulation of Bees, the Production of Honey, and the General Manage- 
ment of the Apiary. By G. Gordon Samson. Crown 8vo, is. cloth. 
" The intending bee-keeper will find exactly the kind of information required to enable him 

to make a successful start witn his hives. The author is a thoroughly competent teacher, and his 

book may be commended."— ^0r;i^^ Post. 

Fartn and Fstate Book-keeping, 

BOOK-KEEPING FOR FARMERS & ESTATE OWNERS. 
A Practical Treatise, presenting, in Three Plans, a System adapted for all 
Classes of Farms. By Johnson M. Woodman, Chartered Accountant. Second 
Edition, Revised. Crown 8vo, 3s. 6d. cloth boards ; or 2s. 6d. cloth limp. 
" The volume is a capital study of a most important subiecf'—AgnniUural GasOU. 
The yotuig farmer, land agent, and surveyor will find Mr. Woodman's treatise more than 
tepay its cost and stMdy.'' - Building- News. 

Farm Account Book, 

WOODMAN'S YEARLY FARM ACCOUNT BOOK. Giving 
a Weekly Labour Account and Diary, and showing the Income and Expen- 
diture under each Department of Crops, Live Stock, Dairy, &c. &c. with 
Valuation, Profit and Loss Account, and Balance Sheet at the end of the 
Year. By Johnson M. Woodman, Chartered Accountant, Author of " Book- 
keeping for Farmers." Folio, 75. 6d. half bound. ieuihtrtt 
"Contains every requisite form for Iceeping £urm accounts readily and accorately."— ^^W- 

Early Fruits^ Flowers, and Vegetables* 

THE FORCING GARDEN ; or, How to Grow Early Fruits. 
Flowers, and Vegetables. With Plans and Estimates for Building Glass- 
houses, Pits, and Frames. Bv Samuel Wood. Crown 8vo, 35. 64. cloth, 
i " A good book, and fairly fills a place that was in some d^ree vacant. The book is written with 

gfeat care, and contains a great deal of valuable teaching. "—GartUners' Maganne. 

Qood gardening, 

A PLAIN GUIDE TO GOOD GARDENING ; or. How to Grow 
Vegetables, Fruits, and Flowers. By S. Wood. Fourth Edition, with con- 
siderable Additions, &c., and numerous Illustrations. Crown 8vo, 3s. 6d, cl. 
** A wry good book, and one to be highly recommended as a practical guide. The practical 

directions are excellent." — Athenautfi, 

" May be recommended to young gardeners, cottagers, and specially to amateurs, for the 

plain, simple, and trustworthy imormation it gives on common matten too often neglected."-* 

Gmtrleturt' CkronicU. 

€fainful Gardening. 

MULTUM-IN-PARVO GARDENING; or, How to make One 
Acre of Land produce £620 a-year by the Cultivation of Fruits and Vegetables ; 
also, How to Grow Flowers in Three Glass Houses, so as to realise £176 per 
annum clear Profit. By Samuel Wood, Author of " Good Gardening," &c. 
Fifth and Cheaper Edition, Revised, with Additions. Crown 8vo, is. sewed. 
**We are bound to recommend it as not only suited to the case of the amateur and gentlcnnan's 
fifdener, but to the maricet grower."— CantoMrx' Mtigatrin*, 

€kirdening for Ladies, 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, 
ami AmaUurs' Complete Guide, With lUnsts. By S. Wood. Cr.8vo, 3s. 6d, cl. 

Receipts for Gardeners. 

GARDEN RECEIPTS. Edited by Charles W. Quin. lamo, 
u. 6d. cloth limp. 

Market Gardening, 

MARKET AND KITCHEN GARDENING. By Contributors 
to "The Garden.'* Compiled by C. W. Shaw, late Editor of "Gardening 
Illustrated." xamo, 3s. 6a. cloth boards. 
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AUCTIONEERING, VALUING, LAND SURYETING 

ESTATE AGENCY, e tc, 

AueUaneer^B Assistant. 

THE APPRAISER, A UCTIONEER, BROKER, HOUSE AND 
RSTA TB AGENT AND VALUER'S POCKET ASSISTANT, for the Valoft- 
tion for Purchase, Sale, or Renewal of Leaset, Annoities and Revotions, and 
of property generally; with Prices for Inventories, Ac. By John Whsklb*, 
Vainer, &c. Sixth Edition, Re-written and greatly eztenaed by C Nouns, 
Surveyor, Valuer. &c. Royal 32100, ss. cloth. 
** A aaat uid condie iMok of rafwence, containing an admirable and deaily-anaBCed Hst of 



pglOM forlnventorios, and a very practical guide to determine the value of ftimiturB,Ac. 

" Con taint a laiye quantity of Taried and uaefnl information ai to the vahiatian fbr purdiaaa^ 
nla, or renewal of lenfiei, annuities and reversions, and of property generally, with prices for 
toventories. and a guide to determine the value of interior fittings and other eflacts."— Iftrf/rfar. 

Auetianeertng. 

AUCTIONEERS: THEIR DUTIES AND LIABILFTIES. 

A Manual of Instruction and Counsel for the Young Auctioneer. By Robsr'* 

Squibbs, Auctioneer. Second Edition, Revised and partly Re-written. Demy 

8vo, xat. 64. cloth. 

*** Opinions of thb Press. 

" The standard text-book on the topi'*s of which it treats."— ^/Ar«urMm. 

" The wori( is one of general excellent character, and gives much information in a con pen- 
dlous and satisfactory form." — Builder. 

" May be recommended as giving a great deal of information on the law relating to 
BUCtioneeis, in a very readable form."— X-aw youmoL 

" Auctioneeis m^ be congratulated on having so pleasing a writer to minister to their qpedal 
tMe6%."—Soiicitorj^ JoumaL 

"Every auctioneer ought to possess a copy of this excellent work."— /rvMiMMvar. 

" Of great value to the profession. . . . We readily welcome this book firom the Ihct ttant It 
treats the subject in a manner somewliat new to the profession."— £j/a<tf Gamttte. 

Inwaod^s Estate Tables. 

TABLES FOR THE PURCHASING OF ESTATES, FreekoUL, 
Copyhold, or Leauhold; Annuities, A dvowsons, etc., ajxd for the Renewing of 
Leases held under Camedral Churches, Colleges, or other Corporate bodieSi 
for Terms of Years certain, and for Lives : also for Valuing Reversionary 
Bstates, Deferred Annuities, Next Presentations, &c. ; together with Smaxt's 
Five Tables of Compound Interest, and an Extension of the same to Lower 
and Intermediate Rates. By W. In wood. 24th Edition, with considerable 
Additions, and new and valuable Tables of Logarithms for the more Difficult 
Computations of the Interest of Money, Discount, Annuities, &c., by M. Fboob 
TnoyxN, of the Soci^t^ Credit Mobilier ot Pans. Crown 8vo, 8s. cloth. 
"Those interested in the purchase and sale of estates, and in the a^lustment of compenartloa 

cases, as well as in transactions In annuities, bfe insurances. &c will find the present edWoooC 

eminent smrYice.''—Etvifueritif, 

" * Inwood's Tables ' still maintain a most enviable reputat.on. The new issue has been enriched 

by large additional contributions by M. Fedor Thoman, whose carefully arranged Tables cannot 

Mi to be of the utmost utility."— i^s»v yoyrKoi. 

Agricultural Valuer's Assistant. 

THE AGRICULTURAL VALUER'S ASSISTANT. A Prac- 
tical Handbook on the Valuation of Landed Estates ; including Rules and 
Data for Measuring and Estimating the Contents, Weights, and Values of 
Agricultural Produce and Timber, and the Values of Feeding Stufb, 
Manures, and Labour; with Forms of Tenant-Right- Valuations, Lists of 
Local Agricultural Customs, Scales of Compensation under the Agricultural 
Holdings Act, &c. &c. By Ton Bright, Agricultural Survejror. Second 
Edition, much Enlarged. Crown Bvo, 55. cloth. 
" Full of tables and examples in connection with the valuation of tenan^right, estates, laboot, 

contents, and weights of timber, and farm produce of all Juads."— Agricultural GoMette, 

" An eminent practical handbook, full of practical tables and data of undoidited intesMt and 

vataw to surveyors and auctioneers in preparing valuations of all kinds.'— F«rwMr. 

Plantations and Underwoods. 

POLE PLANTATIONS AND UNDERWOODS: A Practical 
Handbook on Estimating the Cost of Forming;, Renovating, Improving, and 
Grubbing Plantations and Underwoods, their Valuation for Purposes oi 
Transfer, Rental, Sale, or Assessment. By Tou Bright, Author of 
" The Agricultural Valuer's Assistant,*' &c. Crown 8vo, 3s. 6d, cloth. 
' To valoen. foresters and agents it win be a welcome aid." —North British Agrtatitufrist, 
"Wen calculated to assist the valuer in the discharge of his duties, and of undoubted Intarart 
and use both to surveyors and auc t J o a e e nt in oreparing valuations of aU Unda."— ATcm/ £RwwJE», 



AUCTIONEERING, VALUING, LAND SURVEYING, etc. 47 

Hudson's Land Valuer's Pocket-Book* 

THE LAND VALUER'S BEST ASSISTANT: Being Tables 
on a very mnch Improved Plan, for Calculating the Value of Estates. With 
Tables for reducing Scotch, Irish, and Provincial Customary Acres to Statute 
Measure, &c. By R. Hudson, C.B. New Edition. Royal samo. 4s. leather. 
** Of incalcttlabie value to the country gentleman and profiessioiial vaaxu"— Farmers' yournai. 

Ewart's Land Improver's Bocket-Book. 

THE LAND IMPROVER'S POCKET-BOOK OP FORMULA, 
TABLES, and MEMORANDA required in any Computation relating to the 
Permanent Improvement of Landed Property, By John Ewart, Land Surveyor 
and Agricultural Engineer. Second Edition, Revised. Royal samo, oblong 
leather, gilt edges, with elastic band, 45. 
" A compendious and handy little y^va»,"— Spectator, 

Complete Agricultural Surveyor's Pocket-Book* 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK. Being of the above Two Works bound together. 
Leather, with strap, 75. 6d. 

House Property. 

HANDBOOK OF HOUSE PROPERTY. A Popular and Practi- 
cal Guide to the Purchase, Mortgage, Tenancy, and Compulsory Sale of 
Houses and Land, including the Law of Dilapidations ana Fixtures ; with 
Examples of all kinds of Valuations, Useful Information on Building, and 
Suggestive Elucidations of Fine Art By E. L. Tarbuck, Architect and 
Snrveyor. Fifth Edition, Enlarged, lamo, 55. cloth. 
The advice is thoroughly pracdcaL"— Z«w S^onmal, 



" For all who have dealuigs with house property, diis is an indispensable guld*."— ZtacorsMMt. 
"Carefully brousfht up to date, and much improved by the addition of a dividon on fix 
art. . . . A well-written and thottfhtfiil work."— £^M4£^«M/xJe«e9n<L 



LAW A ND MISCELLA NEOUS. 
JourneUistn* 

MODERN JOURNALISM, A Handbook of Instruction and 
Counsel for the Young Journalist. By John B. Mackie, Fellow of the Insti- 
tute of Journalists. Crown 8vo, as. cloth. [Jfust published. 

Private Bill Legislation and ProvisiontU Orders. 

HANDBOOK FOR THE USE OF SOLICITORS AND EN^ 
GJNBERS Eneaged in Promoting Private Acts of Parliament and Provi- 
sional Orders, for the Authorisation of Railways, Tramways, Gas and Water 
Works, &c. By L. Livingston Macassby, of the Middle Temple, Barrister- 
at-Law. M.Inst.C.E. 8vo, 25s. cloth. 

" The author's double experience as an en^eer and barrister has enabled him to approach 
the subject alike from an engineering and legd point of view."— Zmv/ GavemmeMt CMroMicte, 

Law of Patents. 

PATENTS FOR INVENTIONS, AND HOW TO PROCURE 
THEM, Compiled for the Use of Inventors, Patentees and others. By 
G. G. M. Hardingham, Assoc.Mem.InstC.E., &c. Demy 8vo, 15. 6d. cloth. 

Labour Disputes. 

CONCILIATION AND ARBITRATION IN LABOUR DIS- 
PUTES : A Historical Sketch and Brief Statement of the Present Position 
of the Question at Home and Abroad. By J. S. Jeans, Author of "England's 
Supremacy," &c. Crown Svo, 200 pp., as. 6d. cloth. [Just published, 

Pocket^ Boole for Sanitary Offlcials. 

THE HEALTH OFFICER'S POCKET-BOOK : A Guide to 
Sanitary Practice and Law. For Medical Officers of Health, Sanitary In- 
spectors, Members of Sanitary Authorities, &c. By Edward F. Willoughby. 
M.D. (Lond.), &c.. Author of " Hygiene and Public Health." Fcap. Svo, 
ys. 6d. cloth, red edges, rounded comers. [Just published 

" A mine of condensed information of a pertinent and useful kind on the various subjects of 

which it treats. The matter seems to have been carefully compiled and arranged for fadlity of 

reference, and it is well illustrated by diagrams and woodcuts. The different subjects are 

succinctly but fully and scientifically dealt with."— T"** Lancet. 

" An excellent publication, dealing with the scientific, technical and legal matters connected 

with the duties of medical officers or health and sanitary inspectors. The work is replete with 

Information."— Zocb/ Gavermmeut yournal. 



48 CROSBY LOCKWOOD ^ SON'S CATALOGUE. 

A Complete JSpitotne of the Laws of this Country. 

EVERY MAN'S OWN LAWYER: A Handv-Book of the 
Principlbs op Law and Equity. With A CONCISE DICTIONARY 
OF LAW TERMS. By A Barrister. Thirty-second Edition, carefallv 
Revised, and Including the Legislation ot 1894. Comprising the Local 
Government Act^ 1894; Finance Act. 1894: Merchant Shipping Act, 1894; 
Building Sodtties Act, 1894 ; Notice of Accidents Act, 1894; SaU of Goods Act 
1893 ; Voluntary Conveyances Act, 189^ ; Harried Women's Propetty Act, 1893 : 
Trustee Act, 1893 ; Fertiliser and Feeding Stuffs Act^ 1893, &c., as well as the 
BetHng attd Loans (Infants) Act^ 189a ; Shop Hours Act, 189a ; Small Holdings 
Act, 1891; and many other new Acts. Crown 8vo, 720 pp., price €a. 8J. 
(saved at every consultation I ), strojgly bo.md m clocb. [Just ^Misked. 

*** The Book wUl be found to comprise {amongst other matter) — 

THB RIGHTS and WRONGS OP INDIVIDUALS— LANDLORD AND TENANT— VUfDORS 

and purchasers— principal and agent— partnership and companies— masters, 
skrvants, and Workmen— Leases and mortgages— contracts and agreements— 
borrowers, lenders, and sureties— sale and purchase of goods— cheques, 
Bills, and notes— Bills of Sale— Bankruptcy- Railway and Shipping Law- 
Life, FIRE, and Marine Insurance— Insurance against accident— Libel and 
SLANDER— Criminal Law— Parliamentary Elections - County Councils— Dis- 
trict councils— parish coi'ncils— Municipal corporations— public Health and 
NUISANCES— COPYRIGHT— Patents-Trade Marks— husband and wife— Divorce 

—INFANTS— custody OF CHILDREN— TRUSTEES AND EXBCUTORS- CLERGY, CHURCH- 
WARDENS.ETC.— Game LAMTS and SPORTING-HORSES AND DOGS— INNKBBPBRS— EXCISE. 
STAMPS, AND TAXES— FORMS OP WILLS, AGRBBMBNTS ETC. BTC. 

1^ The object of this work is to enable thou who consult it to help them- 
selves to the law; and thereby to dispense, as far as possible, with professional 
assistance and advice. There are many wrongs and grievances which persons sub- 
mit to from time to time through not knowing how or where to apply for redress ; and 
many persons have as great a dread of a lawyer's office as of a hon*s den. With this 
book iU hand it is believed that many a Six-and-Eigrtpbncb may be saved; many 
a wrong redressed: many a right reclaimed; many a law suit avoided; and many 
an evil abated. The work has established itself as the standard legal adviser of all 
classest and has also made a reputation for itself as a useful book of reference for 
lawyers residing at a distance from law libraries, who are glad to have at hand a 
work embodying recent decisions and enactments. 

*«* Opinions or the Prbss. 

> cduplMs code of Ba 
Should 

•* A Moftil and condw opttomo of tbm law, compiled with c o M Jde t mbla eu%.''—Lmw Mttgrnmbu. 
"A complete digeit of the most uaeAd fiicts which constitate Engliah law."— GlMc 
M Admfarably done, admirabljr ananged, and admirably dieapi."— Z«nfr Mtrcury. 
- A copciae, cheap and complete epitome of the English law. So plafa^T wiittaa that he who 
tans may read, and he who reads may miderstand."— Fi^rv. 

" A work thoroughly weO done, and we most cordially recommend it." — Sunday Times. 

The latest edition of this popular book ought to be in erery btwjnew estabttshmeot, and on 
Ubrary tMiit."SheffSeU Post. 

" A complete epitome of the law ; thoroughly intelligible to non^professional readefs." 

Belts Zjl/k. 

Legal Guide for Bawnbrohera. 

THE LAW OF LOANS AND PLEDGES. With Statutes 
and a Digest of Canes. By H. C. Folkard, Esq., Barrister-at-Law. Fcap. 
8vo, 3s. id. cloth. 

The Law of Contracts. 

LABOUR CONTRACTS : A Popular Handbook on the Law 
of Contracts for Works and Services. By David Gibbons. Fourtli Edition, 
Appendix of Statutes by T. F. Uttlby, Solicitor. Fcap. 8vo, 35. 6d. eiotli. 

The Factory Acts. 

SUMMARY OF THE FACTORY AND WORKSHOP ACTS 
(1878-1891). For the Use of Manufacturers and Managers, fiv Emilb 
Garcke and J. M. Fells. (Reprinted from " Factory Accounts.'^ Crown 
8vo, 6d, sewed. 



A cduplece code of BoglUh Law, writfean in plain JaagnagBt wUch aD can understand 
d be in the hands of erery bosiaeas man, and all who wish to aboHih lawyets' bUb. 
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LONDON, 1862. 
THE PRIZE MEDA 

Wu awuded to ttie PnbUihen ol 

"WEALE'S SBIIES." 



A NEW UST OF 

WEALE'S SERIES 

RUDIMENTARY SCIENTIFICjEDUGATIOWAL, 
AND CLASSICAL. 

Compriting teatlt Tkm Hundred . 



\S- " WEALE'S SERIES includes Teit-Booka on almost every branch of 
Science and Industry, cMiniprisiiig such subjects fts Agriculture, Architecture 
and BuildJDg, Civil Engineering, Fine Arta, Mechanics and Mechanical 
Engineering, Physical and Chemical Science, and many miscellaneous 
Treatises. The whole are constantly undergoing revision, and new editions, 
brought np to the latest discoveries in scientific research, are constantly 
issued. The prices at which they are sold are as low as their excellence is 
assured." — Ametican Literaiy Gaxtili, 

•■ Amongst the literature of technical education, WEALE'S Sbrihs has ever 
enjoyed a. high reputation, and the additions being made by Messrs. Crosbv 
LocKwooD & Son render the series more complete, and briog the informa- 
tion upon the several subjects down to the present time." — Mining Journal- 

" Tt is not too mucb to say that no books have ever proved more popular 
with, or more useful to, young engineers and others than the eicSient 
treatises comprised in VVeai,b's SeHias." — Engineir. 

"The excellence of WEALE'S Series Is now so well appreciated, that it 
vould be wasting our space to enlarge upon their gene^ usefulness and 
value."— SuHrfir. 

"The volumes of Weale's Series form one of the bast collections of 
elementary technical books in any language." — Archilect. 

•• WEALE'S SERIES has become a standard as well as an unrivalled 
collection of treatises in all branches of art and science,"— F«bIJc 0/<uio». 
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CROSBY LOOKWOOD &. SON, 

F, STATIONERS' HALL COURT, LUDGATE HILL, 



WEALE S RUDIMENTARY SERIES. 



WEALES EXTDIMEITTABT SCIENTIFIC 8EEIES. 




%* The volumes of thii Series are freelv Illustrated with 
Woodcuts, or otherwise, where requisite. Throughout the fol- 
lowing List it must be understood that the books are bound in 
limp cloth, unless otherwise stated ; but ifu volumes marked 
with a % may also be had strongly bound in cloth boards for 6d 
extra, 

N.B. — In ordering from this List it is recommended, as a 
means of facilitating busineu and obviating error, to quote the 
numbers affixed to the volumes, as well as the titles and prices. 



CIVIL ENGINEERING, SURVEYING, ETC. 

Ko. 

31. WELLS AND WELL-SINKING. By John Geo. Swindell, 

A.R.I.B.A., and G. R. Burnbll, C.E. Revised Edition. With a New 
Appendix on the Qualities of Water. Illustrated, as. 
55. THE BLASTING AND QUARRYING OF STONE, for 
Building and other Purposes. By Gen. Sir J. Burgoynb, Bart. xs. 6d. 

43. TUBULAR, AND OTHER IRON GIRDER BRIDGES,par- 

ticularly describing the Britannia and Conway Tubular Bridges. By G. 
Drysdalb Dbmpsby, C.E. Fourth Edition. 2s. 

44. FOUNDATIONS AND CONCRETE WORKS, with Practical 

Remarks* on Footing, Sand, Concrete, B6ton, Pile* driving. Caissons, and 
Cofferdams, &c. By £. Dobson. Seventh Edition, xs. 6d. 

60. LAND Af/D ENGINEERING SURVEYING. By T.Baker, 

C.E. Fifteenth Edition, revised by Professor J. R. YouNO. ss.t 
«o». EMBANKING LANDS FROM THE SEA. With examples 
and Particulars of actual Embankments, ftc. By J. Wiggins, F.G.S. ss. 
81. WATER WORKS, for the Supply of Cities and Towns. With 
a Description of the Principal Geological Formations of England as in- 
fluencing Supplies of Water. &c. By S. Hughes, C.E. New Edition. 4S.I 

a 18. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch 
of. By David Strvbnson, F.R.S.E., he. Plates and Diagrams. 3s. 

167. IRON BRIDGES, GIRDERS, ROOFS, AND OTHER 
WORKS. By FRANas Campin, C.E. is. 6d4 

197. ROADS AND STREETS, By H. Law, C.E., revised and 
enlarged by D. K. Clark, C.E., including pavements of Stone, Wood, 
Asphalte, &c. 4s. 6d.t 

103. SANITARY WORK IN THE SMALLER TOWNS AND IN 
VILLAGES. By C.Slaoo, A.M.l.C.E. Revised Edition. 3s.t 

2 1 2. GAS- WORKS, THEIR CONSTR UCTIONAND ARRANGE- 

MENTx and the Manufacture and Distribution of Coal Gas. Originally 
written by Samubl Hughes, C.E. Re- written and enlarged by William 
Richards, C.E. Eighth Edition, with important additions. 5s. 6d.t 

213. PIONEER ENGINEERING. A Treatise on the Engineering 

Operations connected with the Settlement of Waste Lands in New Coun- 
tries. By Edward Dobson, Assoc. Inst C.E. 4s. 6d.t 

216. MATERIALS AND CONSTRUCTION; A Theoretical and 
Practical Treatise on the Strains, Designing, and Erection of Works of Con- 
struction. By Francis Campin, C.E. Second Edition, revised. i%.X - 

S19. CIVIL ENGINEERING. By Henry Law, M.Inst. C.E. 
ladnding Hydraulic Enginbbrino by Gbo. R. Burnkll, M.Inst. C.E. 
Seventh Edition, revised, with Urge additions by D. Kinnbar Clark, 
M.Inst. C.E. 6s. 6d., Cloth boards, 7s. 6d. 

«68. THE DRAINAGE OF LANDS, TOWNS, 6* BUILDINGS. 
By G. D. Dbmpsbt, C.E. Revised, with large Additions on Recent Practice 
in Drainage Engineering, by D. Kinnbar Clark, M.I.C.E. Second Edition, 
Corrected. 4s. 6d.t 

The X indieaiaa that thme vols, may be had strongly bound at 6d extra.. 
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MECHANICAL ENGINEERING, ETC. 

33. CRANES, the Construction of, and other Machinery for Raising 

Heavy Bodies. By Joseph Glynn, F.R.S. Illustrated, is. 6d, 

34. THE STEAM ENGINE, By Dr. Lardner. Illustrated. is.6d. 

59. STEAM BOILERS : their Construction and Management. By 
R. Armstrong, C.E. Illustrated, is. 6d. 

82. THE POWER OF WATER, as applied to drive Flour MiU». 

and to give motion to Turbines, &c. By Josbph Glynn, F.R.S. 2s.t 
q8. PRACTICAL MECHANISM, the Elements of; and Machine 

Tools. By T. Baker, C.E. With Additions by J. Nasmyth, C.E. 2s. 6d.* 

139. THE STEAM ENGINE, a Treatise on the Mathematical Theoiy 
of, with Rules and Examples for Practical Men. By T. Baker, C.E. is. 6d. 

164. MODERN WORKSHOP PRACTICE, as applied to Steam En- 

gines, Bridge, Ship-building, &c. By J. G. WiNTON. New Edition, ts. 6d.t 

165. IRON AND HEAT, exhibiting the Principles concerned m the 

Construction of Iron Beams, Pillars, and Girders. By J. Armour. 2S. 6dJ 
i66. POWER IN MOTION: Horse-Power, Toothed-Wheel Gearing, 

Long and Short Driving Bands, and Angular Forces. By T. Armour, 2s.t 
171. THE WORKMAN'S MANUAL OF ENGINEERING 

DRAWING. ByJ.MAXTON. 7th Edn. With 7 Plates and 350 Cuts. 3s. 6d.1 
190. STEAM AND THE STEAM ENGINE, Stationaiy and 

Portable. By J. Sbwbll and D. Kl. Clark, C.E. 3s. 6d.t 
too. FUEL, its Combustion and Economy. By C. W. Williams. 

With Recent Practice in the Combustion and Economy of Fuel — Coal, Coke, 

Wood, Peat, Petroleum, &c. — ^by D. K. Clark, M.I.C.E. 3s. 6d.:^ 
202. LOCOMOTIVE ENGINES. By G. D. Dempsey, C.E. ; with 

large additions by D. Kinnbar Clark, M.I.C.E. 3s.t 
211. THE BOILERMAKER'S ASSISTANT in Drawing, Tem- 

plating, and Calculating Boiler and Tank Work. By John Courtnby, 

Practical Boiler Maker. Edited by D. K. Clark, C.E. xoo Illustrations. 2s. 
217. SEWING MACHINERY : Its Construction, History, &c., with 

full Technical Directions for Adjusting, &c. By J. W. Urquhart, C.E. 2S.t 
223. MECHANICAL ENGINEERING. Comprising Metallurgy, 

Moulding, Casting, Forging, Tools, Workshop Machinery, Manufacture d 

the Steam Engine, &c. By Francis Campin, C.E. Second Edition, as. 6d.} 

236. DETAILS OF MACHINERY. Comprising Instructions for 

the Execution of various Works in Iron. By Francis Campin,'C.£. x%.X 

237. THE SMITHY AND FORGE; including the Farrier's Art and 

Coach Smithing. By W. J. E. Crane. Illustrated. 2s. 6d.t 

238. THE SHEET'METAL WORKER'S GUIDE; a Practical Hand- 

book for Tinsmiths, Coppersmiths, Zincworkers, &c. With 94 Diagframs and 
Working Patterns. By W. J. E. Crane. Second Edition, revised, xs. 6d. 

251. STEAM AND MACHINERY MANAGEMENT : with Hints 
on Construction and Selection. By M. Powis Bale, M.I.M.E. as. 6d.$ 

254. THE BOILERMAKER'S READY-RECKONER. By J. 

Courtney. Edited by D. K. Clark, C.E. 4s. 
■«• Nos. 21T and 2$^ in One Vol., half- bounds entitled" The Boilermaker's Rbadt- 
Reckoner and Assistant.** By J. Courtney and D. K. Clark. 7s. 

255. LOCOMOTIVE ENGINE-DRIVING. A Practical Manual for 

Engineers in charge of Locomotive Engines. By Michael Reynolds, M.S.E . 
Eighth Edition. 3s. 6d., limp ; 4s. 6d. cloth boards. 

256. STATIONARY ENGINE^DRIVING. A Practical Manual for 

Ensrineers in charge of Stationary Engines. By Michael Reynolds, M.S.E. 
Fourth Edition. 3s. 6d. limp ; 4s. 6d. cloth boards. 

260. IRON BRIDGES OF MODERATE SPAN: their Construc- 
tion and Erection. By Hamilton W. Pendred, C.E. 2s. 

The % indicates that these vols, may be had strongly bound at 6d. extra. 
7, stationers' hall COURT, LUDGATE HILL, E.C, 
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MINING, METALLURGY, ETG- 

4. MINERALOGY^ Rudiments of; a concise View of the General 
Properties of Minerals. By A. Ramsay, F.G.S.. F.R.G.S., &c. Third 
Edition, revised and enlarged. Illustrated. 3s. 6d.t 

117. SUBTERRANEOUS SURVEYING, with and without the Mag- 
netic Needle. By T. Fbnwick and T. Baker, C.E. Illnstrated. as. 6d. } 

(35. ELECTRO-METALLURGY; Practically Treated. By Alex- 
ANDBR Watt. Ninth Edition, enlarged and revised, with additional Ulns- 
trattons, and including the most recent Processes. 3s. 6d.) 

17s. MINING TOOLS^tAwmaX of. For the Use of Mine Managen, 
Agents, Students, &c. By William Morgans. 9m, 6d. 
i-l». MINING TOOLS, ATLAS of Engravings to Illustrate the aboye> 
containing 235 Illustrations, drawn to Scale. Ato. 4s. 6d. 

1 76. MET ALL URGY OF IR ON, Containmg History of Iron Manu- 
facture, Methods of Assay, and Analyses of Iron Ores. Processes of Mana- 
&cture of Iron and Steel, &c. By U. Baubrman. F.G.S. Sixth Edition, 
revised and enlarged. 5s.} 

180. COAL AND COAL MINING. By the late Sir Warinqton W. 
Smvh, M.A., F.R.S. Seventh Edition, revised. 3s. 6d.t 

195. 7HE MINERAL SURVEYOR AND VALUER'S COM^ 
PLETE GUIDE. By W. Lintbrn, M.E. Third Edition, including Mag- 
netic and Angular Surveying. With Four Plates. 3s. 6d.t 

XI 4. SLATE AND SLATE QUARRYING, ScLtxiM^c^VxzcMcal, and 
Commercial. By D. C. Davibs, F.G.S., Mining Engineer, fltc. 3S.{ 

J64. A FIRST BOOK OF MINING AND QUARRYING, with the 

Sciences connected therewith, for Primary Schools and Self-Instmction. By 
J. H. COLUNS, F.G.S. Second Edition, with additi is. it. 6d. 



ARCHITECTURE, BUILDING, ETC- 

16. ARCHITECTURB^ORDERS—The Orders and their ^Esthetic 

Principles. By W. H. Lbbds. Illustrated, xs. 6d. 

17. ARCHITECTURE— STYLES-^The History and Description of 

the Styles of Architecture of Various Countries, from the Earliest to the 
Present Period. By T. Talbot Bury, F.R.I.B.A., &c. Illustrated, as. 
*«* Orders and Stvlbs of Architbctdrb, in Ch$€ Vol,, is. 6J, 

18. ARCHITECTURE^DESIGN—The I»rmciples of Design in 

Architecture, as deducible from Nature and ezemplinod in the Works of the 

Greek and Gothic Architects. By E.L.Garbbtt, Architect. Illustrated. 2S.6d. 

>• TA€ thret precedinz Works, in One kandsonu Vol., half bound, entitled 

" MODBRN ArChitbcturb," /fictf ts, 

22. THE ART OF BUILDING, Rudiments ol. General Principles 
of Construction, Materials used in Building^ Strength and Use of Materials, 
Working Drawings, Specifications, and Estimates. By £. Dobson, 2s.| 

25. MASONRY AND STONE CUTTING : Rudimentary Treatise 
on the Principles of Masonic Projection and their application to Con- 
struction. By Edward Dobson, M.R.I.B.A., &c. as. 6d.t 

42. COTTAGE BUILDING. By C. B&UCE Allen, Architect. 

Eleventh Edition, revised and enlarged. With a Chapter on Economic Cottages 
for Allotments, by Edward E. Allbn, C.E. as. 

43. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 

PLASTERING, &c. By G. R. Burnbll, C.E. Fourteenth Edition, is. 6d. 
57. WARMING AND VENTILATION. An Exposition of the 
General Principles as applied to Domestic and Public Buildings. Mines, 
Lighthouses, Ships, &c. By C. Tomlinson, F.R.S., Sec. Illustrated. 3s. 

III. ARCHES, PIERS, BUTTRESSES, &*€,: Experimental Essays 
on the Principles of Construction. By W. Bland. Illustrated, is. 6d. 



TAe t indicates that these vols, may be had strongly bound at td. extra. 
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Architecture, Building, etc., continued. 

116. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The 

Principles of the Science of Sound applied to the purposes of the'Architect and 
Builder. By T. Rogbr Smith, M.R.I.B.A., Architect. Illustrated, is. 6d. 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. Richardson, Architect. Illustrated, is. 6d. 

128. VITRUVIUS-^THE ARCHITECTURE OF MARCUS 

VITRUVIUS POLLO, In Ten Books. Translated from the Latin by 

Joseph Gwilt, F.S.A., F.R.A.S. With 23 Plates. <s. 
130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 

of Beauty in ; with an Historical View of the Rise and Progress of the Art in 

Greece. By the Earl of Aberdeen, is. 
••* The two preceding Works in One handsome VoL^ half houndy entitled "Ancient 

Architecture," price 6s. 
132. THE ERECTION OF DWELLING-HOUSES. Illustrated by 

a Perspective View, Plans, Elevations, and Sections of a pair of Semi* 

detached Villas, with the Specification, Quantities, and Estimates, &c. By 

S. H., Brooks. New Edition, with Plates. 2s. 6d.t 
156. QUANTITIES 6- MEASUREMENTS'^ Bricklayers', Masons', 

Plasterers', Plumbers', Painters'^aperhangers*, Gilders', Smiths', Carpenters' 

and Joiners* Work. By A. C. Beaton, Surveyor. Ninth Edition, is. 6d. 
175. LOCK WOOD'S BUILDER'S PRICE BOOK FOR 1893. A 

Comprehensive Handbook of the Latest Prices and Data for Builders. 

Architects, Engineers, and Contractors. Re- constructed, Re-written, and 

further Enlarged. By Francis T. W. Miller, A.R.I.B.A. 700 pages. 

38. 6d.; cloth boards, 4s. \Jtist Published. 

182. CARPENTRY AND JOINERY— TwB. Elementary Prin- 
ciples op Carpentry. Chiefly composed from the Standard Work of 
Thomas Trbdgold, C.E. With a TREATISE ON JOINERY by E. 
Wyndham Tarn, M.A. Fifth Edition, Revised. 3s. 6d.t 

182*. CARPENTRY AND JOINERY. ATLAS of 35 Plates to 
accompany the above. With Descriptive Letterpress. 4to. 6s. 
185. THE COMPLETE MEASURER ; the Measurement of Boards, 
Glass. &c. ; Unequal-sided, Square-sided, Octagonal-sided, Round Timber 
and Stone, and Standing Timber, &c. By Richard Horton. Fifth 
Edition. 4s. ; strongly bound in leather, 5s. 

187. HINTS TO YOUNG ARCHITECTS. By G. WiGHTWiCK. 

New Edition. By G. H. Guillaumb. Illustrated, js. 6d.t 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING : with a Course of Elementary Drawing for House-Painters, Sign- 
Writers, &c., and a Collection of Useful Receipts. By Ellis A. Davidson. 
Sixth EdiCion. With Coloured Plates, ss. cloth limp ; 6s. cloth boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Six Sections : General Principles : Arch Drawing, Cutting, and Setting ; 
Pointing; Paving, Tiling, Materials; Slating ana Plastering | Practical 
Geometry, Mensuration, 8cc. By Adam Hammond. Seventh Edition, is. 6d. 

191. PLUMBING. A Text-Book to the Practice of the Art or Craft ot 

the Plumber. With Chapters upon House Drainage and Ventilation. Sixtb 
Edition. With 380 Illustrations. By W. P. Buchan. 3s. 6d.t 

192. THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 

and BUILDER'S STANDARD GUIDE. By R. E. Grandy. 2s. 

206. A BOOK ON BUILDING, CivU and Ecclesiastical, including 
Church Restoration. With the Theoiy of Domes and the Great Pyramid 
&c. By Sir Edmund Beckett, Bart., LL.I)., Q.C., F.R.A.S. 4s- 6d.* 

226. THE JOINTS MADE AND USED BY BUILDERS fai the 
Construction of various kinds of Engineering and Architectural Works. By 
Wyvill J. Christy, Architect. With upwards of 160 Engravings on Wood. 3s.* 

228. THE CONSTRUCTION OF ROOFS OF WOOD AND IRON 
By E. Wyndham Tarn, M.A., Architect. Second Edition, revised, is. 6d. 



1^^ The t indicates that these vols, may be had strongly bound at 6d. extra. 
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Architecture, Building, etc., continued. 

229. ELEMENTARY DECORATION: as applied to the Interior 
and Exterior Decoration of Dwelling- Houses, &c. By J. W. Facby. 2s. 

157. PRACTICAL HOUSE DECORATION, A Guide to the Art 

of Ornamental Painting. By Jambs SV. Facby. 2s. 6d. 
%• The two preceding Works, in One handsome Vol., half-bound, entit/ed ** H.OVSK 
Dbcoration, Elementary and Practical," price 5*. 
JJD. A PRACTICAL TREATISE ON HANDRAILING. Showing 
New and Simple Methods. By G. Colunos. Second Edition, Revised, 
including A Trkatisb ON Stairbuildino. Plates. 2s.6d« 
2 47. BUIL DING ESI A TES : a Rudimentary Treatise on the Develop- 
ment, Sale, Purchase, «nd Greneral Mana^ment of Building Land. By 
Fowler Maitland, Surveyor. Second Edition, revised, as. 
248. PORTLAND CEMENT FOR USERS. By Hknxy Faija, 

Assoc. M. Inst. C.E. Third Edition, corrected. Illustrated. 2s. 

152. BRICKWORK : a Practical Treatise, embodying the General 

and Higher Principles of Bricklaying, Cutting and Setting, 8cc. By F. 

Walkbr. Third Edition, Revised and Enlarged, is. 6d. 

23. THE PRACTICAL BRICK AND TILE BOOK. Comprising : 

i8q. Brick and Tilb Making, by E. Dobson, A.I.C.E.; Practical Bricklay- 

265. ino, by A. Hammond ; Brickcutting and Sbttino, by A. Hammond. 534 

pp. with 270 Illustrations. 6s. Strongly half-bound. 
x^x.THE TIMBER MERCHANT'S, SAW-MILLER'S, AND 
IMPORTER'S FREIGHT-BOOK AND ASSISTANT, By Wm. Rich- 
ardson. With Additions by M. Powis Bale, A.M.Inst.C.E. i%.X 

158. CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A Practical Treatise on Circular Work of Single and Double Curvature. 

By Gborgb Collings. Second Edition, 2s. 6d. 
259. GAS FITTING: A Practical Handbook treating of every 

Description of Gas Laying and Fitting. By John Black. 28. 6d.t 
261. SHORING AND ITS APPLICATION: A Handbook for the 

Use of Students. By Gborgb H. Bijigrovr. is. 6d. 
265. THE ART OF PRACTICAL BRICK CUTTINGS* SETTING. 

By Adam Hammond. With 90 Engravings, is. 6d. 
267. THE SCIENCE OF BUILDING : An Elementary Treatise on 

the Principles of Construction. By E. Wynduam Tarn, M.A. Lond. Third 

Edition, Revised and Enlarged. 3s. 6d.t 

271. VENTILATION : a Text-book to the Practice of the Art of 

Ventilating Buildings. By W. P. Buchan, R.P., Sanitary Engineer, Author 
of " Plumbing," «cc. 3S. 6d.* 

272. ROOF CARPENTRY; Practical Lessons in the Framing of 

Wood Roofs. For the Use of Working Carpenters. By Geo. Collings, 
Author of "Handrailing and Stairbuilding,"&c. as. [Just published. 

273. THE PRACTICAL PLASTERER : A Compendium of Plain 
^and Ornamental Plastar. Work. By Wilfred Kemp. as. {Just published. 



SHIPBUILDING, NAVIGATION, ETC. 

51. NA VAL ARCHITECTURE. An Exposition of the Elementary 
Principles. ByJ. Prakb. Fifth Edition, with Plates. 3s. ^.t 
S3«. SHIPS FOR OCEAN es* RIVER SERVICE, Elementaiy and 
Practical Principles of the Construction of. By H. A. Sommbrfbldt. is. 6d. 
S3«». AN ATLAS OF ENGRA VINGS to Illustrate the above. Twelve 
large foldine^ plates. Royal 4to, cloth. 7s. 6d. 
54. MASTING, MAST-MAKING, AND RIGGING OF SHIPS, 
Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and Hemp Ropes, 
Sec, relative to every class of vessels. By Robbrt Kipping, N.A. as. 

The X indicates that these vols, may be hcul strongly bound at 6d. extra. 
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Shipbuilding, Navigation, Marine Engineering, etc., conu 

54». IRON SHIP-BUILDING, With Practical Examples and Details. 
By JOHH Grantham, C.E. Fifth Edition. 4s. 
55. THE SAILOR'S SEA BOOK: a Rudimentary Treatise on 
Navigation. By Jambs Grbbnwood, B.A. With numerous Woodcuts and 
Coloured Plates. New and enlarged edition. Hy W. H. Rossbr. 2s. 6d«t 
80. MARINE ENGINES AND STEAM VESSELS, By Robert 
Murray, C.E. Eighth Edition, thoroughly Revised, with Additions by the 
Author and by Georgb Carlisle, C.E. 4s. 6d. limp ; 5s. cloth boards. 
^Ibis. THE FORMS OF SHIPS AND BOATS, By W. Bland. 
Eighth Edition, Revised, with numerous Illustrations and Models, is. 6d. 
99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory 

and Practice. By Prof. J. R. Young. New Edition. 2s. 6d. 
106. SHIPS' ANCHORS, a Treatise on. By G. Cotsell, N.A. is. 6d. 
149. SAILS AND SAIL-MAKING. With Draughting, and the Centre 
of Effort of the Sails ; Weights and Sizes of Ropes ; Masting, Rigging, 
and Sails of Steam Vessels, &c. Z2th Edition. By R. Kipping, N.A., 2s. 6d.t 
155. ENGINEER'S GUIDE TO THE ROYAL 6- MERCANTILE 
NAVIES. By a Practical Enginbbr. Revised by D. F. McCarthy. 3s. 
55 PRACTICAL NAVIGATION. Consisting of The Sailor's 
^ Sea- Book. By Jambs Greenwood and W. H. Rossbr. Together with 
2^ , the requisite Mathematical and Nautical Tables for the Workmg of the 
+• Problems. By H. Law, C.E., and Prof. J. R. Young. 7s. Half-bound. 

AGRICULTURE, GARDENING, ETC. 

61*. -4 COMPLETE READY RECKONER FOR THE ADMEA- 
SUREMENT OF LAND, &c. By A. Arman. Third Edition, revised 
and extended by C. Norris, Surveyor, Valuer, 8cc. 2S. 

131. MILLER'S, CORN MERCHANTS, AND FARMER'S 
READY RECKONER. Second Edition, with a Price List of Modern 
Flour-Mill Machinery, by W. S. Hutton, C.E. 2S. 

140. SOILS, MANURES, AND CROPS. (Vol. i. Outlines of 

Modern Farming.) By R. Scorr Burn. Woodcuts. 2s. 

141. FARMING 6* FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol. 2. Outlines of Modern Farming.) By R. Scott Burn. 3s. 

142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 

Outlines op Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. (Vol. 4. Outunbs of Modern Farming.) 2s* 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. ^. Outlines of Modern 
Farming.) B^ R. Scott Burn. Woodcuts. 2s. od. 
%• Nos, 140-1-2-S-6, tn One Vol.thandsomely half-bound^ entitled " Outlines op 
Modern Farming." By Robert Scott Burn. Price 12s. 

177. FRUIT TREES, The Scientific and Profitable Culture of. From 
the French of Du Brbuil. Revised by Geo. Glbnny. 187 Woodcuts. 3s. 6d.} 

198. SHEEP; THE HISTORY, STRUCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spooner, M.R.V.C, &c. Fifth Edition, 
enlarged, including Specimens ot New ana Improved Breeds. 3s. 6d.t 

201. KITCHEN GARDENING MADE EASY. By George M. F. 

Glbnny. Illustrated, is. 6d.t 

207. OUTLINES OF FARM MANAGEMENT, and the Organi- 

zation of Farm Labour. By R. Scott Burn. as. 6d4 

208. OUTLINES OF LANDED ESTATES MANAGEMENT, 
By R. Scott Burn. 2s. 6d. 

%* Nos. aoj &* 208 in One Vol.^ handsomely half-bound^ entitled " Outunbs Off 
Landbd Estates and Farm Management." By R. Scott Burn. Price 6s, 

The t indicates that these vols, may be had strongly bound at td. extra. 
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Agriculture, Gardening, etc., continued. 

209. 7IIE TREE PLANTER AND PLANT PROPAGATOR. 

A Practical Manual on the Propagation of Forest Trees, Fruit Trees, 
Flowering Shrubs, Flowering Plants, 8cc. By Samubl Wood. 2s. 

tie. TIfE TREE PRUNER. A Practical Manual on the Pruning of 
Fruit Trees, including also their Training and Renovation ; also the Pnuung 
of Shrubs, Climbers, and Flowering Plants. By Samubl Wood. is. 6d. 
%* Not. 209 6« 2x0 in One Vol., handsomely half-bound, entitled "Ths Trbb 
Plantbr, Propagator, and Prunbr." By Samubl Wood. Price 3*. 6d. 

218. THE HA Y AND STRA W MEASURER : Being New Tables 
for the Use of Auctioneers, Valuers, Fanners, Hay and Straw Dealers, ftc. 
By John Stbelb. Fifth Edition, as. 

233. SUBURBAN FARMING. The Laying-ont and Cultivation o( 
Farms^ adapted to the Produce of Milk, Butter, and Cheese, Eggs, Pooltiy, 
and Pigs. By Prof. John Donaldson and R. Scott Burn. 3s. 6d.t 

231. THE ART OF GRAFTING AND BUDDING. By CHAJtLES 
Baltbt. With Illustrations. 2s. 6d.t 

111. COT7AGE GARDENING; or, Flowers, Fruits, and Vegetables 
for Small Gardens. By £. Hobday, is. 6d. 

233. GARDEN RECEIPTS, Edited by Charles W. QuiN. is.6d. 

234. MARKET AND KITCHEN GARDENING. By C.W.Shaw, 

late Editor of " Gardening Illustrated." 3s.^ 

239. DRAINING AND EMBANKING. A Practical Treatise, em- 

bodying the most recent experience in the Application of Improved Methods. 
By John Scott, late Professor of Agriculture and Rural Economy at the 
Royal Agricultural College, Cirencester. With 68 Illustrations, is* 6d. 

240. IRRIGATION AND WATER SUPPLY. A Treatise on Watei 

Meadows, Sewage Irrigation, and Warping; the Construction* of Wells, 
Ponds, and Reservoirs, 8cc. By Prof. John Scott. With34lllus. is. 6d. 

241. FARM ROADS, FENCES, AND GATES. A Practical 

Treatise on the Roads, Tramways, and Waterways of the Farm; the 
Principles of Enclosures ; and the different kinds of Fences, Gates, and 
Stiles. By Professor John Scott. With 75 Illustrations, zs. 6d. 

242. FARM BUILDINGS. A Practical Treatise on the Buildings 

necessary for various kinds of Farms, their Arrangement and Construction, 
with Plans and Estimates. By Prof. John Scott. With 105 lUus. ss. 

243. BARN IMPLEMENTS AND MACHINES. A Practical 

Treatise on the Application of Power to the Operations of Agriculture j and 
on various Machines used in the Threshing- ham, in the Stock-yard, and m the 
Dairy, &c. By Prof. J. Scott. With 123 Illustrations. 2s. 

244. FIELD IMPLEMENTS AND MACHINES. A Practical 

Treatise on the Varieties now in use, with Principles and Details of Con- 
struction, their Points of Excellence, and Management. By Professor John 
ScoTT. With 138 Illustrations. 28. 

245. AGRICULTURAL SURVEYING. A Practical Tteatise on 

Land Surveying, Levelling, and Setting-out ; and on Measuring and Esti- 
mating Quantities, Weights, and Values of Materials, Produce, Stock, See. 
By Prof. John Scott. With 6a Illustrations, zs. 6d. 

•^* Not. 239 to 245 in One Vol., handsomely half-boundf entitled " Thb Complxti 
Tbxt-Book of Farm Enginbbring." By Professor John Scott. Price izs. 

250. MEAT PRODUCTION A Manual for Producers, Distributors, 
See. By John Ewart. 2s. 6d.t 

266. BOOK-KEEPING FOR FARMERS &> ESTATE OWNERS. 
By T. M. Woodman, Chartered Accountant, as. 6d. cloth limp ; 3s. 6d. 
cloth hoards. 

The t indicates thai these vols, may be had strongly bound at 6d. extrm. 
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MATHEMATICS, ARITHMETIC, ETC. 

32. MATHEMATICAL INSTRUMENTS^ a Treatise on; Theii 
Construction, Adjustment, Testine, and Use concisely Explained. By J. F. 
Hbathbr, M.A. Fourteenth Edition, revised, with additions, by A. X 
WALMiSLBYf M.I.C.E., Fellow of the Surveyors' Institution. Original Edi- 
tion, in I vol.. Illustrated. 2s4 

•»• In ordering the above, be careful to say, " Original Edition " {No, 32), to distin- 
guish it from the Enlarged Edition in 3 vols. (Nos. 168-9-70.) 

76. DESCRIPTIVE GEOMETRY, an Elementary Treatise on; 

with a Theory of Shadows and of Perspective, extracted from the French of 
G. MoNGB. To which is added, a description of the Principles and Practice 
of Isometrical Projection. By J. F. Hkathbr, M.A. Witn 14 Plates. 2s. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 
Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Hbathbr, M.A. With 215 Woodcuts. 2S. 

«3. COMMERCIAL BOOK-KEEPING. With Commercial Phrases 
and Forms in English, French, Italian, and German. By Jambs Haddon, 
M.A., Arithmetical Master of King's College School, London, is. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. By 
Professor J. R. Young. Eleventh Edition, is. 6d. 
84*. A Kby to the above, containing Solutions in full to the Exercises, together 
with Comments, Explanations, and Improved Processes, for the Use oi 
Teachers and Unassisted Learners. By J. R. Young, is. 6d. 

85. EQUATIONAL ARITHMETIC, applied to Questions of Interest, 

Annuities, Life Assurance, and General Commerce ; with various Tables by 
which all Calculations may be greatly facilitated. By W. Hipslby. 2s. 

86. ALGEBRA, the Elements of. By James Haddon, M.A. 

With Appendix, containing miscellaneous Investigations, and a Collection 
of Problems in various parts of Algebra. 2s. 
46*. A Kby and Companion to the above Book, forming an extensive repositoiy of 
Solved Examples and Problems in Illustration of the various expedients 
necessary in Algebraical Operations. By J. R. Young, is. 6d. 

88. EUCLID, The Elements of : with many additional Propositions 

89. and Explanatory Notes : to which is prefixed, an Introductory Essay on 
Logic. By Hbnry Law, C.E. 2s. 6d.| 

•»* Sold also separately, viz. : — 

88. EucuD, The First Three Books. By Hbnry Law, C.E. is. 6d. 

89. Euclid, Books 4, 5, 6, ix, xa. By Hbnry Law, C.E. is. 6d. 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

By Jambs Hann. A New Edition, by Professor J. R. Young. 2s.t 

91. PLANE .TRIGONOMETRY, the Elements of. By JAMF^ 

Hann, formerly Mathematical Master of King's College, London, is. 6d. 

92. SPHERICAL TRIGONOMETR Y, the Elements of. By James 

Hann. Revised by Charlrs H. Dowlino, C.E. is. 
%• Or with " The Elements of Plane Trigonometry,^^ in One Volume, M. 6d. 

93. MENSURATION AND MEASURING. With the Mensuration 

and Levelling of Land for the Purposes of Modem Engineering. By T. 
Baker, C.E. New Edition by E. Nugent, C.E. Illustrated, is. 6d. 

ici. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 

WooLHOUSE, F.R.A.S., &c. IS. 6d. 
102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

Homersham Cox, B.A. Illustrated, xs. 

136. ARITHMETIC, Rudimentary, fcr the Use of Schools and Self- 

Instruction. By James Haddon, M J^. Revised by A. Arman. xs. 6d. 

137. A KitY TO Haddon's Rudimentary Arithmetic. By A. Arman. xs. 6d. 

The % indicates thai these vols, may be had strongly bound at 6d. extra, 
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Mathematics, Arithmetic, etc., continued, 

168. DRAIVING AND MEASURING INSTRUMENTS. Includ- 

ing— I. Instruments emploj'ed in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Flans- 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. Bt f . F. Hbathbk, M.A. Illustrated, xs. 6d 

169. OPTICAL INSTRUMENTS. Including (more especially) Tele- 

scopes, Microscopes, and Apparatus fbrproducing copies of Maps and Plans 
by Fhotoi^raphy. By J. F. Hbathbr, M.A. Illustrated, is. 6d. 

170. SURVEYINU AND ASTRONOMICAL INSTRUMENTS, 

Including— I. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments EmployM in Astronomical Observa- 
tions. By J. F. Hbathbr, MA. Illustrated, xs. 6d. 
*•* The above three volume* form an enlargement of ike Author's original work 
" Mathematical Instruments.** {See No. 32 in the Series.), 

tW,y^MATHEMATICAL INSTRUMENTS. By J. F. Heather, 

169. ? M.A. Enlarged Edition, for the most part entirely^'re-wntten. The 3 Parts as 

X70.^ above, in One thick Volume. Witii numerous Illustrations. 4s. 6d.* 

158. THE SLIDE RULE, AND HOW TO USE ITf containing 

iiall, easy, and simple Instructions to perform all Business Calculations with 

unexampled rapidity and accuracy. By Chablbs Hoa&b, C.B. Sixth 

Edition. With a Slide Rule in tuck of cover, ss. 6d.t 

196. THEORY OF COMPOUND INTEREST AND ANNUI- 
TIES ; with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c. By Ftf dor Thoman. Fourth Edition. 4S.t 

199. THE COMPENDIOUS CALCULATOR ; or, Easy and Concise 
Methods of Performing the various Arithmetical Operations reouired in 
Commercial and Business Transactions ; together with Useful Tables. By 
D. O'GORMAN. Twenty-seventh Edition, carefully revised by C. NoRRis. 
as. 6d., cloth limp ; 3s. 6d., strongly half-bound in leather. 

20|. MATHEMATICAL Z4^Z^6', for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on Logarithms. 
By Hbnry Law, C.E. Together with a Series of Tables for Navigation 
and Nautical Astronomv. By Prof. J. R. Youno. New Edition. 4s. 
104*. LOGARITHMS, With Mathematical Tables for Trigonometrical, 
Astronomical, and Nautical Calculations. By Hbnry Law, M.Inst.CJE. New 
and Revised £dition. ( Forming part of the above Work). 3s. 

«i. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
T/ONSt and an Analysis of the Christian, Hebrew, and Mahometan Calen - 
daxB. By W. S. B. Woolhousb, F.R.A.S., F.S.S. Seventh Edition, as. 6d t 

127. MATHEMATICS AS APPLIED TO THE CONSTRUC- 
TIVE ARTS, Illustrating the various processes of Mathematical Investi- 
nttion, by means of Arithmetical and Simple Algebraical Equations and 
Practical Examples. By Francis Campin, C.E. Second Edition. i%.X 

PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

I. CHEMISTRY. By Professor Gkorqk Fownes, F.R.S. With 

an Appe ndix on the Application of Chemistry to Agriculture, xs. 
z. NATURAL PHILOSOPHY, Introduction to the Study of. By 

C. TOMUNSON. Woodcuts. IS. 6d. 

6. MECHANICS, Rudimentary Treatise on. By Charles Tom- 

LiNSON. Illustrated, xs. 6d. 

7. ELECTRICITY; showing the General Principles of Electrical 

Science, and the purposes to which it has been appliea. By Sir W. Snow 
Harris, F.R.S., &c. With Additions by R. Sabinb, C.E., F.S.A. xs. 6d. 
7». GALVANISM. By Sir W. Snow Harris. ,New Edition by 
RoBBRT Sabinb, C.E., F.S.A. xs. 6d. 

8. MAGNETISM ; being a concise Exposition of the General Prin- 

ciples of Magnetical Science. By Sir W. Snow Harris. New Edition, 

revised by H. M. Noad, Ph.D. With 165 Woodcuts. 3s. 6d.t 

The X indicates that these vols, may be had sfronf^ly bound at 6d. extra. 
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Physical Science, Natural Philosophy, etc., continued. 

11. THE ELECTRIC TELEGRAPH; its History and Progress; 

with Descriptions of some of the Apparatus. By R. Sabinb, C.E., F.S.A. 3s. 

12. PNEUMATICS, including Acoustics and the Phenomena of Wind 

Currents, for the Use of Beginners. By Charles Tomlinson, F.R.S. 
Fourth Edition, enlarged. Illustrated, is. 6d. 

7a. MANUAL OF THE MOLLUSCA ; a Treatise on Recent and 
Fossil Shells. By Dr. S. P. Woodward. A.L.S. Fourth Edition. With 
Plates and 300 Woodcuts. 78. 6d., cloth. 

96. ASTRONOMY, By the late Rev. Robert Main, M.A. Third 

Edition, by Willlah Thynnb Lynn, B.A., F.R.A.S. 2s. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Bakbr, C.E. Fourth Edition, is. 6d. 

173. PHYSICAL GEOLOGY, partly based on Major-General Port- 

lock's "Rudiments of Geology." By Ralph Tate, A.L.S.,8tc. Woodcuts, as. 

174. HISTORICAL GEOLOGY, partly based on Major-General 

Portlock's "Rudiments.'* By Ralph Tate, A.L.S., &c. Woodcuts. 2s. 6d. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

& Historical. Partly based on Major-Greneral Portlock's " Rudiments of 

174. Geology." By Ralph Tate, A.L.S., F.G.S., &c. In One Volume. 4s. 6d4 

183 ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L., 

$1 formerly Professor of Natural Philosophy and Astronomy in University 

.g^ College, Lond. With 520 Illustrations. In One Vol. 7s. 6d., cloUi boards. 

^ %* Sold also in Two Paris^ as follows : — 

183. Animal Physics. By Dr. Lardnbr. Part I., Chapters I.— VII. 48. 

▼84. Animal Physics. By Dr. Lardner. Part II., Chapters VIII.— XvIII. 3s. 

269. LIGHT: an Introduction to the Science of Optics, for the Use of 
Students of Architecture, Ene^neering, and other Applied Sciences. By E. 
Wyndham Tarn, M.A. is. od. \,7*^t published. 



FINE ARTS. 

«o. PERSPECTHTE FOR BEGINNERS. Adapted to Young 
Students and Amateurs in Architecture, Painting, &c. By George Pvmb. 2s. 

40 GLASS STAINING, AND THE ART OF PAINTING ON 
GLASS. From the German pf Dr. Gbssert and Emanuel Otto From- 
BBRG. With an Appendix on Thb Art of Enamelling. 2s. 6d. 

69. MUSIC, A Rudimentary and Practical Treatise on. With 

numerous Examples. By Charles Child Spencer. 2s. 6d. 
71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises 8e Lessons from the Best Masters. By Charles Child Spencer. xs.6d. 
b()•^ I. MUSIC (s* THE PIANOFORTE. In one vol. Half bound, 53. 
181. PAINTING POPULARLY EXPLAINED, including Fresco, 
Oil, Mosaic, Water Colour, Water- Glass, Tempera, Encaustic. Miniature. 
Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c. Witn Historical 
Sketches of the Progress 01 the Art b^ Thomas John Guluck, assisted by 
John Times, F.S.A. Sixth Edition, revised and enlarged. $%.% 
186. A GRAMMAR OF COLOURING, apphed tc Decorative 
Paintine and the Arts. 6v George Field. New Edition, enlarged and 
adapted to the Use of the Ornamental Painter and Designer. By Ellis A. 
Davidson. With two new Coloured Diagrams, &c. 33.^ 

246. A DICTIONARY OF PAINTERS, AND HANDBOOK FOR 
PICTURE AMATEURS ; including Methods of Painting, Cleaning, Re- 
lining and Restoring, Schools of Painting, 8cc. With Notes on Uie Copyists 
and Imitators of each Master. By Philippe Daryl. 2s. 6d.t 

The t indtcates that these vols, may be had strongly bound at 6d, extra. 
7, stationers' HALL COURT, LUDGATE HILL, E.C 



12 WEALS'S RUDIMENTARY SERIES. 

INDUSTRIAL AND USEFUL ARTS. 

23. BRICKS AND TILES, Rudimentary Treatise on the Manufac. 

ture of. By £. Dobson, M.R.I.B.A. Illustrated, 3*4 
67. CLOCKS, WATCHES^ AND BELLS, a Rudimentary Treatise 

on. By Sir Edmund Bbckktt, LL.D., Q.C. Seventh Edition^ revised and ea- 

lareed. 4t. 6d. limp ; 5s. 6d. cloth boards. 
S3»». CONSTRUCTION OF DOOR LOCKS. Compfled from the 

Papers of A. C. Hobbs. and Edited by Charlbs Tomunson. F.R.S. st. 6d. 
162. THE BRASS FOUNDER'S MANUAL; Instructions for 

Modelling, Pattern-Making, Monlding, Turning, Filing, Bumishiog. 

Bronzing, ftc. With copious Receipts, fltc By Waltbr Grahaii. ss.| 
205. THE ART OF LETTER PAINTING MADE EASY. By 

T.G. Badbnoch. Illustrated with X2 fall-page Engravings of Examples. xs.6d 
215. THE GOLDSMIJIPS HANDBOOK, containing full Instruc 

tions for the Allojring and Working of Gold. By Gborob E. Gbb, js.t 
225. THE SILVERSMITIPS HANDBOOK, containing fuU In- 
structions for the Alloying and Working of Silver. By Gborgb E. Gbb. js.I 
*«* Tk4 two preceding Works, in One handsome Vot.,, half-bound, entitled " Tm 

Goldsmith's & Silvbrshith's Complbtb Handbook,*' js. 
249. THE HALL-MARKING OF JEWELLERY PRACTICALLY 

CONSIDERED. By Gborgb E. Gbb. ts.t 
224. COACH BUILDING, A Practical Treatise, Historical and 

Descriptive. By T. W. BuROBSS. 2s. 6d.t 

235. PRACTICAL ORGAN BUILDING. By W. E. Dickson, 

M.A., Precentor of Ely Cathedral. Illustrated, ss. 6d.| 

262. THE ART OF BOOT AND SHOEMAKING. By John 

Bbdford Lbno. Numerous Illustrations. Third Edition. 2s. 

263. MECHANICAL DENTISTRY: A Practical Treatise on the 

Construction of the V&rious Kinds of Artificial Dentures, with Formulae, 
Tables, Receipts, &c. By Charles Huntrr. Third Edition, js.t 
270. WOOD ENGRA VING : A Practical snd Easy Introduction to 
the Study of the Art. ByW.N. Broww. is. 6d. ^ 

MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECIURE^ 
BUILDING, ENGINEERING, MINING, METALLURGY, ARCH AS- 
OLOGY, the FINE ARTS, &h:. By John Wbalb. Sixth Edition. Revised 
by RoBBRT Hunt, F.R.S. Illustrated. 5s. limp ; 6s. cloth boards. 

50. LABOUR CONTRACTS. A Popular Handbook on the Law of 
Contracts for Works and Services. By David Gibbons. Fourth Edition, 
Revised, with Appendix of Statutes by T. F. Uttlby, Solicitor, 3s. 6d. doth. 

12. MANUAL OF DOMESTIC MEDICINE. By R. Gooding, 

B.A., M.D. A Family Guide in all Cases of Accident and Em^-gency ss. 
2». MANAGEMENT OF HEALTH. A Manual ot Home and 

Personal Hygiene. By the Rev. Jambs Baird, B.A. is. 
50. LOGIC, Pure and Applied. By S. H. Emmens. is. 6d. 

53. SELECTIONS FROM LOCKE'S ESSAYS ON THE 
HUMAN UNDERSTANDING. With Notes by S. H. EaniBNS. ss. 

54. GENERAL HINTS TO EMIGRANTS. 2s. 
57. THE EMIGRANTS GUIDE TO NATAL. By R. Mann. 2s. 

93. HANDBOOK OF FIELD FORTIFICATION. By Major 
W. W. Knollys, F.R.G.S. With lejWoodcuts. ts.t 

94. THE HOUSE MANAGER: Being a Gnide to Housekeerfng. 
Practical Cookery, Pickling and Preserving, Household Work, Dairy 
Management, &c. By An Old Housbkbbper. 3s. 6d.t 

94» HOUSE BOOK {The). Comprising :— I. The House Manager. 
2 & Bv an Old Housbkbepbr. II. Domestic MsDiaNB. By R. Goodino, M.D. 
12*. in< Managbment op Health. By J. Baird. In One Vol., half-bound, 6b. 

The % indicates that these vols, may be had strongly bound at 6d.. extra. 
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EDUCATIONAL AND CLASSICAL SERIES. 



HISTORY. 

I. Kngland, Outlines of the History of; more especially with 

reference to the Origin and Progress .of the English Constitution. By 
WiLUAM Douglas Hamilton, F.S.A., of Her Majesty's Public Record 
Office. 4th Edition, revised. 5s. ; cloth boards, 6s. 

5. Greece, Outlines of the History of 5 in connection with the 

Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton, 
of University College, London, and Edward Lbvibn, MJl., of Balliol 
College, Oxford, as. 6d. ; cloth Doards, 3s. 6d. 

7. Rome, Outlines of the History ofs from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Lbvibn, of Balliol College, Oxford. Map, 2s. 6d. ; cl. bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation of the World to the Present Time. The Continuation by 
W. D. Hamilton, F.S.A. 3s. ; cloth boards, 3s. 6d. 



ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. By Hydb 
Clarkb, D.C.L. Fifth Edition, is. 6d. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above zoo,ooo Words. By Hydb Clarkb, D.C.L. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds., 53. 6d. 

48. Composition and Punctuation, familiarly Explained for 

.those who have neglected the Study of Grammar. By Justin Brbnan. 
x8th Edition, is. 6d. 

49. Derivative Spelling-Book s Griving the Origin of Every Word 

from the Grreek, Latin, Saxon, German, Teutonic, Dutch, French, S];>anish, 
; and other Languages : with their present Acceptation and Pronunciation. 
'By J. RoWBOTHAM, F.KJI.S. Improved Edition, is. 6d. 

51. The Art of Extempore Speaking s Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar- General and Professor at the 
Sorbonne. Translated from the French. 8th Edition, carefully corrected. 2s. 6d, 

53.* Places and Facts in Political and Physical Geography, 

for Candidates iu Examinations. By the Rev^. Edgar Rand, B.A. is. 
S4. Analytical Ghenaistry, Qualitative and Quantitative, a Course 
of. To which is prefixed, a BrieiTreatise upon Modem Chemical Nomencla- 
ture and Notation. By Wm. W. Pink and Gborgb E. Wbbstbr. 2s. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Edited by the Rev. A. R. Grant, Rector of Hitcham, and Honorary Canon of Ely ; 

formerly H.M. Inspector of Schools. 
Introductory Primbr, 3^. 

s. d. 
First Standard . .06 



Sbcond „ . . o zo 

Third . . z o 



s, d. 

Fourth Standard . . . z 2 

Fifth ' „ . • • • z 6 

Sixth „ . . . . z 6 

Lbssons from thb Bible. Part I. Old Testament, zs. 

Lbssons from thb Bible. Part II. New Testament, to which is added 
The Geography of the Bible, for very young^ Children. By Rev. C, 
Thornton Forstbr. zs. 2d. *«* Or the Two Farts in One Volume. 2s. 
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FRENCH. 

24. French Grammar. With Complete and Concise Rules on the 

Genders of French Nouns. By G. L. Strauss, Ph.D. is. 6d. 

25. French-English Dictionary. Comprising a large nnmber of 

New Terms used in Enipneering, Mining, 8cc. By Alfrbd Elwbs. is. tid. 

26. English-French Dictionary. By Alfred Elwes. 2s. 
15,26. French Dictionary (as above). Complete, in OneVoL, 31.; 

cloth boards, 3s. 6d. *«* Or with the Grammar, cloth boards, 4s. 6d. 

47. French and English Phrase Book s containing Intro- 
ductory Lessons, with Translations, several Vocabularies of Words, a CfA- 
lection of suitable Phrases, and Easy Familiar Dialogues, zs. 6d. 

GERMAN. 

39. German Grammar. Adapted for English Students, fiom 

Heyse's Theoretical and Practical Urammar, by Dr. G. L. Strauss, is. 6d. 

40. German Reader : A Series of Extracts, carefully culled from the 

most approved Authors of Germanv ; with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. zs. 

41-43. German Triglot Dictionary. By N. E. S. A. Hamilton. 

In Three Parts. Part I. German -French-English. Part II. English-Ger- 
man-French. Part III. French-German-English. 38., or cloth boards, 4s. 

41-43 German Triglot Dictionary (as above), together with Germao 

Si 39. Grammar (No. 3 9), in One Volume, cloth boards, 5 s. 

ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessons, with a Coarse 

of Exercises. By Alfrbd Elwbs. is. 6d. ^ , „ , 

28. Italian Triglot Dictionary, wherem the Genders of all th« 

Italian and French Nouns are carefully noted dewn. By Alfred Elwbs 
Vol. I. Italian -English-French. 2S.6d. . ^ ,,, 

30. Italian Triglot Dictionary. By A. Elwes. voL 2. 

English-French-Itolian. as. 6d. « . ^ ,t 1 

32. Italian Triglot Dictionary. By Alfred Elwes. VoL 3. 

French-Italian-English. as. 6d. v -r /^ »r 1 ^ ,cj 

28,30, Italian Triglol Dictionary (as above). In One VoL, 72. 6d. 

3a. Cloth boards. 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form. With 

a Course of Exercises. By Alfred Elwbs. xs. 6d. • 

35. Spanish-English and English-Spanish Dictionary. 

Including a large numberof Technical Terms used in Mmme, Engineering, fcc. 
with the proper Accents and the Gender of every Noun. By Alfrbd Elwbs 
4s. ; cloth boards, 5s. V Or with the Grammar, cloth boards, 6s. 
55. Portuguese Grammar, in a Simple and Practical Fonn. 
With a Course of Exercises. By Alfrbd Elwbs. xs. 6d. 

5b. Portuguese-English and English-Portuguese Dic- 
tionary. Including a large number of Technical Terms used m BCining, 
Engineering, «cc., with the proper Accents and the Ge.ider of every Nonn. 
By^tFRBD Elwbs. Second Edition, Revised, 5s. ; cloth boards, 6s. •»• Or 
with the Gramma r, cloth boards, 7s. 

HEBREW. 

46*. Hebreiiir Grammar. By Dr. Bresslau. is. 6d. 
44. Hebrew and English Dictionary, Biblical and Rabbinical; 

containing the Hebrew and Chaldee Roots of the Old Testament Post- 
Rabbinical Writings. By Dr. Brbsslad. 6s. 

46. English and Hebrew Dictionary. By Dr. Bresslau. 3s, 

^,46. Hebrew Dictionary (as above), in Two Vols., complete, with 

46*. the Grammar, cloth b oards, xss. 
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LATIN. 

19. Latin Grammar, Containing the Inflections and Elementary 

Principles of Translation and Construction. By the Rev. Thomas Goodwin. 
M.A., Head Master of the Greenwich Proprietary School, is. 6d. 

20. Latin-Knglish Dictionary. By the Rev. Thomas Goodwin, 

M.A. 2s. 

22. English-Latin Dictionary; together with an Appendix of 

French and Italian WokIs which have their origin from the Latin. By tbp 
Rev. Thomas Goodwin, M.A. is. 6d. 
20,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d. 
cloth boards, 4s. 6d. •»• Or with the Grammar, cloth boards, ss. 6d. 
LATIN CLASSICS. With Explanatory Notes in English. 

1. Latin Delectus. Containing Extracts from Classical Authors 

with Genealogical Vocabularies and Explanatory Notes, by H. Young, is. 6d. 

2. Csesaris Commentarii deBello Gallico. Notes, and a Geographical 

Register for the Use of Schools, by H. Young. 2S. 

3. Cornelius Nepos. With Notes. By H. Young, is. 

4. Virgilii Maronis Bucolica et Georgica. With Notes on the Buco- 

lics by W. RusHTON, M.A., and on the Georgics by H. Young, is. 6d. 

5. Virgilii Maronis uEneis. With Notes, Critical and Explanatory, 

bj H. Young. New Edition, revised and improved With copious Addi- 
tional Notes by Rev. T. H. L. Leary, D.C.L., formerly Scholar of Brasenoss 
College, Oxford. 3s. 

5* Part I. Books i.— vi., is. 6d. 

5** Part 2. Books vii.— xii., 2S. 

6. Horace; Odes, Epode, and Carmen Saeculare. Notes by H. 

Young, is. 6d. 

7. Horace ; Satires, Epistles, and Ars Poetica. Notes by W. Brown- 

rigg Smith, M.A., F.R.G.S. is. 6d. 

8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes, Critical 

and Explanatory, by W. M. Donnb, B.A., Trin. Coll., Cam. is. 6d. 

9. Terentii Andria et Heautontimorumenos. With Notes, Critical 

and Explanatory, by the Rev. Jambs Davies, M.A. is. 6d. 

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, M.A. 2s. 

11. Terentii Eimuchus, Comoedia. Notes, by Rev. J. Davies, M.A. 

IS. 6d. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev. 
Jambs Davibs, M.A. is. 6d. 

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev. 
T. H. L. Lbary, D.C.L. formerly Scholar of Brasenose College, Oxford, 
is. 6d. 

14. Ciceronis Cato Major, Laelius, Brutus, sive de Senectute, de Ami- 

citia, de Claris Oratoribus Dialog!. With Notes by W. Brownrigo Smith, 
M.A., F.R.G.S. 2s. 

16. Livy : History of Rome. Notes by H. Young and W. B. Smith. 

M.A. Part 1. Books i., ii., is. 6d. 
16*. Part 2. Books iii., iv.j v., is. 6d. 

17. Part 3. Books xxi., xxii., is. 6d. 

19. Latin Verse Selections, from Catullus, Tibullus, Propertius, 

and Ovid. Notes by W. B. Donnb, M.A., Trinity College, Cambridge, ss. 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Quintilian, Florus, Yelleius Paterculus, Valerius Maximus Sneto* 
nius. Apuleius, &c. Notes by W. B. Donnb, M.A. 2S. 

21. Juvenalis Satirae. With Prolegomena and Notes by T. H. Sg 

EscoTT, B.A-, Lecturer on Logic at King's College, London. 2s. 
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